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(57) Abetractt The invention relate? to iimiucicsticnulatary nucleic 
edd composiCians and method b of using the compositions. The T-rich 
nucleic: acidff conUin poly T sequences and/or irave greatfir than 25 % 
T nucleotide resldaes^ The TG nucleic acids have TG dinucIeotideB. 
The C-rlch nuckk adds have a£. least one poly-C tegion snAfar gire^ter 
than 50 % c nncleotidss. Th&BB immunostimulaiory nodsic^fieids fimc- 
tion in a similar mamar to nncletc acadB Dontaining CpG motsfs. The 
invention alio encompasses prefenred CpQ nuoldc adds. 
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IMMUNOSTEVIULATORY NUCLEIC ACIDS 

MQI^QROUND OF THE INYENTff QN 
Bacterial DNA has immune stimulatory effects to activate B cdls aod natural 

5 killer cells, but vertebrate DNA does r»t CTokunaga, T., et al., 1988. Jpn. 1 Cancer Res. 
79:682-686; Tokunaga, T,, et al„ 1984, J7VC/ 72:955-962; Messina, IP., et al, 1991. J 
Immunol 147;1759.1764; and reviewed in Krieg, 1998, In: Applied Oligonucleotide 
Technology, C. A, Stein and A.M Krieg, (EdsO, John Wiley and Sons, 1m., New York, 
NY, pp. 431-448). It is now undCTStood that ttese immune stimulatory effects of 

1 0 tocterial DNA are a result of the p^ence of unmethylated CpG dinucleotides in 
particular base c<Hitexts (CpG motd&), which are common in bacterial DNA, but 
methylated and underreprcseoted in vertebrate DNA (Krieg et al, 1995 Nature 374:546- 
549; Krieg, 1999 Biochim. Biophys. Acta 93321:1-10). The immune stimulaloiy eflFects 
of bacterial DNA can be mimicked with synthetic oligodeoxynucleotides (ODN) 

IS cnntainipg these CpQ motife. Such CpO ODN have highly stimulatory efifects on human 
and murine leuko^tes, inducing B cell piolifrntion; cytokine and immunoglobulin 
5ea:etion; natural Idllo: (NK) cell lytic activity and IFN-y secretion; and activation of 
dendritic cells pCs) and other antigen presenting cells to express costunulatory 
molecules and secrete cytokines, especially the Thl-like cytokines that are important in 

20 promotbg the development ofThlJikeT cell responses These immune stimulatory 
e£Eects of native phosphodiest^ backbone CpG ODN are highly CpG specific in that the 
effects are essentially abolished if the CpG motif is methylated^ changed to a GpC, or 
otherwise eliminated or altered (Kiieg et al, 1995 Nature 374:546-549; Hartmann et al, 
1999 Proc. Natl. Acad Sci USA 96:9305-10). Phosphodiest^ CpG ODN can be 

25 formulated in lipids, alum, or other types of vehicles with d^t properties or improved 
cell Intake in order to enhance the immune stimulatory effects (Yamamoto et al, 1994 
Microbiol Immunol, 38:831-836; Gram2dnski etal, 1998 MoL Med, 4:109-118). 

In early studies, it was thought that the immune stimulatory CpG motif followed 
the formula purine-purind-Q)G'pyrimkUne-pyrhnidine (Kri% et al, 1 995 Nature 

30 374:546-549; Pisetsky, 1996 J. Immunol 156:421-423; Hacker et al., 1998 EMBO J. 
17:6230-6240; Lipfc^rd et al, 1998 Trends in Nficrobiol. 6:496-500). However, it is now 
clear that mouse lymphocytes respond quite well to phosphodiester CpG motifi that do 
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not foUowthis ^Yoramla" (Yi et al.» 1998 1 Immunol. 160:5898-5906) and the same is 
true of human B cells and dsidritic cells ^lartmann et al» 1999 Proc. Katl. Acad. Sd 
USA 96:9305-10; Liang. 1996 L Clin. Invest. 98:11 19-1 129). 

Sev€»:al past investigators have looked at whether the nucleotide content .of ODN 

5 may have effects independently of the sequence of the ODN. Interestingly, antisensc 
ODN have been found to be generally enriched in the content of GG, CCC, CC, C AQ 
and CG sequences^ while having reduced frequency of TT or TCC nucleotide sequences 
compared to what would be expected if base usage wwe random (Smetsers et al, 1996 
Antisense Nucleic Acid Drug Develop. 6:63-67). This raised the possibility that (he 

10 over-represented sequences may comprise preferred targeting elements for antis^se 
oligonucleotides or visa versa. One reason to avoid the use of thynudinc-rich ODN for 
antisense experiments is that degradation of the ODN by nucleases present in cells 
releases fiee thymidine which competes with ^H-thymidme which is frequently used in 
e^qperiments to assess cell proliferation (Matson dt b1.» 1992 Antisoise Research and 

1 5 Development 2:325-330). 

SUMMARY OF THE INVHfnON 
The present invention relates in part to pyrimidine rich (Py-rich) and in some 
embodiments thymidine (T) rich immimostimuktory nucleic acids which do not require 
the presence of a CpG motif The present invention also relates in part to the discovery 

20 that nudeic acids which contain a TG dinucleotide motif are also inmiunostimulatory. 
The invention is based in part on the une}q)ected fmding diat nucleic acid sequmces 
which do not contain CpG motifi are immunostimulatoiy. It was discovered upon 
analysis of the immune stimulation properties of many nucleic acid sequences that these 
sequences may be Py-rich e.g., T-rich or that they may contain TO motifs. It was also 

25 discovered that these sequences preferentially activate non-rodent immune cells. The 
Py-rich and TG sequences are only nummally immunostimulatory v/iAi respect to rodent 
immune cells, compared to non-rodent immime cells. Thus, it is possible according to 
the roediods of ftie itivoition to mduce an immwc response m a non-rodent subject by 
administering Py-rich or TG hnmunostunulatory nucleic acids. The Py-rich and TG 

30 immunostimulatory nucleic acids of the invention may optionally include CpG motift. 
These findings have important implications fbr the clinical development of 
immunostimulatory CpG containing and i»m-CpG containing nucleic acids. 
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In one aspect the invention is a pharmaceutical compo$iti<Hi comprising an 
effective amount for stimulating an immune response of isolated Py-rich or TO 
immunostimulatory nudeic acids, and a phannacra In other 

aspects the invention is a composition of matter, conq3rising an isolated Py-ridi or TG 

5 inimunostimulatoiy nucleic acid. In other embodiments, the immunostimulatory nucleic 
acid may be T-rich. In still other embodimrats, the immunostimulatory nucleic add may 
be T-rich and also have at least one TG modf. 

Preferably the Py-rich nucleic acid is a T-rich nucleic acid. In some 
embodiments the T-ridi immuiK>stimulatory nucleic acid is a poly T nudeic acid 

10 comprising 5 ' TTTT 3\ In yet other embodiments the poly T nucleic acid comprises 5' 
Xi XzTTTTXs X4 y wherein Xi, Xi, Xj and X4 are nucleotides. In some wnbodiments 
XtX2is TT and/or X3X4 b TT, In other embodiments X1X2 is selected from the group 
consistii^g of TA, TG, TC, AT, AA, AG> AC, CT, CC, CA, CG, GT, GG, GA. and GC; 
and/or X3X4 is selected from the group con^sting of TA, TG, TC, AT, AA, AG, AC, 

15 CT,CC,CA,CO,GT.GG,GA,andGC. 

The T-rich immunostimolatoiy nucleic acid may have only a single poly T motif 
or it may have a plurality of poly T nudeic acid motifisi. In some embodiments the T-rich 
immunostimulatory nucleic acid comprises at least 2, at least 3, at least 4, at least 5, at 
least 6» at least 7, or at least 8 T motiis. In other embodiments it coxnprises at least 2, at 

20 least 3, at least 4, at least 5, at least 6, at least 7, or at least 8 CpG motifs. In preferred 
embodunents the plurality of CpG motifs and poly T motifs are interspersed. 

In yet other wibodiments at least one of the plurality of poly T motife con^Jiises 
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, or at least 9 contiguous T 
nucleotide residues. In other embodiments the plurality ofpoIyTmotifii is at least 3 

25 motifs and ^^in at least 3 motifs each comprises at least 3 contiguous T nucleotide 
readdues or the plurality of poly T motift ia at least 4 motifi and wh^ein the at least 4 
motifs each comprises at least 3 contiguous T nucleotide residues. 

In some cases the T-rich immunostimulatory nucleic acid may be free of poly T 
moti& but may rather comprise a nucleotide composition of greater than 25% T. In other , 

30 embodiments the T-ridi immunostimulatory nucleic acids have poly T moti& and also 
comprise a nucleotide C(»nposition of greats than 25% T. In preferred embodiments the 
T-rich immunostimulatoxy nucldc add con^irises a nucleotide composition of greater 
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Hmn 35% greater than 40% T, greater than 50% T» greater than 60% T, greater than 
80% T, or greater fhan 90% T nucleotide residues. In important embodiments, the 
nucleic add is at least SD% T. 

The T-ridi and TG immunostimulafory nucleic acids can have any leiigth greater 

5 than 7 nucleotides,^ but in some embodiments can be between 8 and 100 nucleotide 
residues in length. In preferred embodiments the T-rich immunostimulatory nucleic add 
comprises at least 20 nucleotides, at least 24 nucleotides, at le»t 27, nucleotides, or at 
least 30 nucleotides. In preferred embodiments, the TG immunostimulatory nucleic acid 
is between 15 and 25 nucleotides in length. The T-rich and TG immunostimulatory 

10 nucleic acids may be single stranded or double stranded. ^ 

In one preferred embodiment, the immimostimulatory nucleic add has a T-rich 
region located in the middle of its length (i.e., an approximatdy equal number of 
nucleotides fibnk die T-rich region on the S' and 3' ends). 

The T mh nucleic add in some embodiments is selected from the group 

15 consisting of SEQ ID NO: 59-63, 73-75, 142, 215, 226, 241, 267-269, 282, 301, 304, 
330, 342, 358, 370^372, 393, 433, 471, 479, 486, 491, 497, 503, 556-558, 567, 694, 793- 
794, 797, 833, 852» 861, 867, 868, 882, 886, 90S, 907, 908, and 910-913. In other 
embodiments die T rich nucleic adds are sequence selected firom the group consisting of 
SEQ roNO: 64, 98, 112, 146, 185, 204, 208, 214, 224, 233, 244, 246, 247, 258, 262. 

20 263, 265, 270-273, 300, 305, 316, 317, 343, 344, 350, 352, 354, 374, 376, 392, 407, 41 1- 
413, 429-432, 434, 435, 443. 474, 475, 498-501, 518, 687, 692, 693, 804, 862, 883, 884, 
888, 890, and 89L 

In otter embodiments the Py-rich hnmunostimulatory nudeic acid is a C-rich 
nucleic acid. An immunostimulatory C-ridi nLK:leic add is a nucleic acid xncluding at 
25 least one and preferably at least 2 poly-C regions or which includes 50% cm: greater C 
nucleotides. 

The Py-rich and TO immunostimulatory nucleic acids may include one or more 
CpGnK>tifs. The motifs may be methylated or unmethylated, In other ^bodunents the 
Py-rich and TG immunostimulatory nucleic adds are &ee of one or more CpG 
30 dimideotides. 

In other ^nbodiments the Py-rich and TG immunostimulatory nucleic acids also 
include poly-A, poly O, and/or poly C motifs. In yet other embodimrats the Py-rich or 
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TG immimostimdBtoiy nudeic acid is free of two poly C sequmces of at least 3 
contiguous C nucleotide residues or is free of two poly A sequences of at least 3 
contiguous A nudeotide residues. In other embodiments the Py-rich or TO 
immunostimulatory nucleic acid comprises a nucleotide composition of greater than 25% 
5 C or greater than 25% A. In yet other embodiments the Py-rich or TG 

immunostimulatory nucleic add i$ free of poly-C sequences, poly-G sequences or poly- 
A sequences. 

A poly G nucleic acid in ^me ^bodiments is sdected from the group consisting 
of SEQ ID NO: 5, 6, 73, 215, 267-269, 276, 282, 288, 297-299, 355, 359, 386, 387, 444, 

10 476, 531. 557-559, 733, 768, 795, 796, 914-925, 928-93 1, 933^936, and 938, In other 
embodiments the poly G nucleic add includes a sequence selected from tiie group 
consistmg of SEQ ID NO: 67. 80-82, 141, 147, 148, 173, 178, 183, 185p 214, 224, 264, 
265, 315, 329, 434, 435, 475, 519, 521-524, 526, 527, 535, 554, 565, 609, 62S, 660, 661, 
662, 725, 767, 825, 856, 857, 876, 892, 909, 926, 927, 932, and 937. 

1 5 According to another aspect of tiie invention, the immunostimulatory micleic 

acids may be defined as tiiose which possess a TG motif, herein referred to as TO 
immunostimulatory nucleic adds. The TG nucleic acid in one embodiment contains at 
least one TG dinucleotide having a sequence includii^ at least the following formula: 
5'NiXiTGX2N23'. In related embodiments, Ni is a nucleic acid sequence composed of a 

20 number of nucleotides ranging from (1 1 -Nz) to (2I-N2) and N2 is a nucldc add sequence 
composed of a number of nucleotides ranging from (1 1-Ni) to (21-Ni). In a preferred 
wnbodimrait, X2 is ttiymidine. 

In other embodiments, the TG nucleic acid has at least the following fonnula: 3' 
X] XiTGXa X4 y. In yet another embodiment, the TO nucleic acid comprises the 

25 following sequmce: 5*NiXiX2TGX3X4N23\ In a related embodiment, Ni is a nucleic 
acid sequence composed of a number of nucleotides ranging from (9-N2) to (19-N^ and 
is a nucleic acid sequence composed of a number of nucleotides ranging from (9-Ni) 
to(19-Ni). In one preferred embodiment, Xa is thymidine, XiXi are nucleotides \^4iich 
may be selected from the group consisting of OT, GO, GA» AA, AT, AG, CT, CA, CG, 

30 TA and TT, and X3X4 are nucleotides which may be selected from the ffoup consisting 
of TT, CT, AT, AG» CG, TC, AC, CC, TA, AA, and CA. In some preferred 
embodiments, X3 is a thymidine. In important embodiments, X3X4 are nucleotides 
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selected from the group contisting of TT. TC» TA and TG. lo other embodiments X1X2 
areOAorGTandXaX^areTT. In yet other embodiments X| or X3 or both are purines 
and X3 or X4 or both arepyrimidiDes 01X1X2 are OjtA and X3 or X4 or both are 
pyrimldines. In one embodiment 7^ is a T and X3 is a pyrimidine. 
5 In one embo(timent tiie 5' Xi XzTCX^ X4 3* sequence of the TG nucleic acid or 

the entire length or some figment thereof of the TO nucleic acid is a non-palindromic 
sequence^ and in other embodiments it is a palindromic sequence* 

In some preferred embodimttrts, the TG nucleic acid is also T-rich. 

The Py-rich and TG immunostiraulatory nucleic acids m some embodiments have 
10 a nucleotide backbone whidi includes at least one backbone modification, sudi as a 

phosphoroduoate modification. The nucleotide backbone may be diimefic, or preferably 
the nucleotide backbcme is mtirdy modified. In one prefisrred emfaodimmt, the 
immunDstimulat(My nudeic acid has a poly T motif and a phospborotbioBte backbone. 

In anoth^ aspect die invention is a conqx^sition of an immunostimulatoiy 
1 S nucleic acid» in the form of a Py-ridi or a TG nucleic acid, and an antigra» wherein the 
nucldc acid is free of umnefhylated CpG motifs. 

Anodier composition of the invention is a Py-rich or TiQ immunosthnulatory 
nucleic acid and an anti-nucrobial agent, wherem the Py-rich or TG nucleic add is five 
of unmediylated CpG moti6. Preferably the and-microbial agent is selected from the 
20 group consisting of an anti-viral agrait, an anti-parasitic Bgaat, an anti-bact^al agent 
and an anti-iungal agent 

A compositiDn of a sustained release device including a Py-rich and/or TG 
immunostimulatDry nucleic acid, \^erein the Py-rich and/or TG nucleic acid is free of 
umnethylated CpG motife, is provided according to another aspect of the invention. 
25 ^rh& invention also includes nutritional supplem^its of a Py-rich or TO 

immunostimulatory nucleic add in a delivery device selected from the group consisting 
of a capsule, a pill, and a sublingual tabletp wh^in the Py-rich or TO nudeic add is free 
of umnethylated CpG motifs. 

It should be understood that when it is usefiil to administer a Py-ridi eg., poly T, 
30 T-ridi, C-rich, or TG oligonucleotide and a CpO oligonucleotide, it may also be 

desirable to co-admlnister a Py-rich or a TG oligonucleotide together with a physically 
separate CpG, Py-rich or TG oligonudeotide. Alternatively, the CpO, Py-rich or TO 
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motif may be present on the same contiguous nudelc add as the Py-rich or TG 
oligonwleotide. In yet a further embodimenti all or &ome combination of Py-ricfa, TO 
and CpG nucleic acids may be oo-administered either on s^arate nucleic acids or in the 
same nucldc acid molecule. By oo-administer it is intended tiiat the nucleic acids be 

5 administered close enough in time to one another to achieve a combined benefit of both 
oligonucleotides, preferably more Hban flie benefit achieved by administering each of the 
oligonucleotides alone £it the same dose, 

CpG oligonucleotides t^ve, in general, the formula 5*X|X2CGX3X43% \\1ierein 
Xu X2» X} and X4 are nucleotides and wherein at least the C of CpG is unmethylated. 

10 PiefOTed CpG oligonucleotides are 8-100 nucleotides in length and teve modified back 
bones. Pardcular structures are detailed in the published PCX applications, U.S. 
^licaticms and references cited herein, die disdosures of which are IncoTporated herein 
in their entu»ty. In one enlbodimml, the CpG oligonudeotide is free of poly T and TO 
motifs and is not T^rich. 

1 5 In other embodimraits, the CpG oligonucleotide has a sequence selected from the 

group consisting of SEQ ID NO: 1, 3, 4, 14-16, 18-24, 28, 2% 33-46, 49, SO, 52-56, 58, 
64-67. 69, 71, 72, 76-87, 90, 91, 93, 94, 96, 98, 102-124, 126-128, 131-133, 136-141, 
146-150, 15M53, 155-171, 173-178, 180-186, 188-198,201, 203-214,216-220, 223, 
224, 227-240, 242^256, 258, 260-265, 270-273, 275, 277-281, 286^287, 292, 295-296, 

20 300, 302, 305-307, 309-312, 314-317, 320-327, 329. 335, 337-341, 343-352, 354, 357, 
361-365, 367-369, 373-376, 378-385, 388-392, 394, 395. 399, 40M04, 406^26, 429- 
433, 434-437, 439, 44M43, 445, 447, 448, 450, 453-456, 460-464, 466-469. 472-475, 
477, 478, 480, 483-485, 488, 489, 492, 493, 495-502, 504-505, 507-509, 511, 513-529. 
532-541, 543.555, 564-566, 568-576, 578, 580, 599, 601-605, 607-61 1, 613-615, 617, 

2S 619-622, 625-646, 648-650, 653-664, 666-697, 699-706, 708, 709, 71 1-716, 718-732, 
736, 737, 739-744, 746, 747, 749-761. 763, 766-767, 769, 772-779, 781-783, 785-786, 
7900792, 798-799, 804-808, 810, 815, 817, 818, 820-832, 835-846, 849-850, 855-859, 
862, 865, 872. 874-877, 879-881, 883-885, 888-904, and 909-913. 

In anotho: embodiment, the Py-rich or TG oligonucleotide is free of a CpG 

30 motifi. This embodiment of the invention also involves phaxmaceudcal compositions 
and kits which contain both a CpO oligonucleotide (which can be free of poly T and TG 
motifs and not be T-ridi) and a Py-rich and/or TG oligonucleotide physically separate 
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from thB CpQ oligonucleotide. The pharmaceutical preparations are in effective amounts 
and typically include pharmacwtically acceptable carriers, all as set forth in detail herein 
with respect to Vy-nch and TG oligonucleotides. The kits include at least one container 
conbuning an oligonucleotide which is a Py-rich or TO oligonucieotide (or some 

5 combination thereof). The same o(Hitainer> or ui other embodiments!, a second container^ 
may contain an oligonucleotide with a CpG moti^ which may be free of Py-rich and/or 
TG moti&. The kit also contains instructions for administmng the oligonucleotides to a 
subject The kits also may include a container containing a solvent or a diluent 

In summary p as if fiilly recited herein, a CpG oligonucleotide physically separate 

10 from Ae Py-ridi or TG oligonudeotide can be used together with the Py-rich or TG 
oligonucleotides in the methods, compositions and products described above. 

The invration relates in other aspects to immunostimulaiory oligonucleotides 
wfaidi have chimeric backbones and which do not require the pres»ce of a CpO motif. 
The invention is based in part on the discovery that micldc acid sequences which did not 

1 5 contain CpG moti& were immunosthnulatory, and that those which have chimoic 
backbones have unfi}cpectedly mhanced immune stimulating prop^es. Thus tiie 
invention in one aspect relates to a composition of an oligonucleotide having a f(MTOula: 
5' Y1N1ZN2 3' , herein Yi and Y2 are, independent of one another, nucleic acid 
molecules havii^ between 1 and 10 nucleotides, vdierein Y] includes at least one 

20 modiiied intmiucleotide linkage and Y2 includes at least one modified intemucleotide 
link^e and wh^in Ni and N2 are nucleic acid molecules, each ir^pendo^t of one 
another, having between 0 and 5 nucleotides, but wherein NjZNz has at least 6 
nucleotides in total and wherein the nucleotides of N1ZN2 have a phosphodiester 
backbone, and wherein Z is an immunostimulatory nucleic acid motif but does not 

23 include a CO. In one embodim^t Z is a nucleic acid sequet^e selected from the group 
consisting of TTTT» TG, and a sequence wherein at least 50% of the bases of the 
sequence are Ts. 

In some raibodiments Y| and/or Y2 have between 3 and 8 nucleotides. In other 
^bodiments Yi and/or Y2 are comprised of at least three Gs> at least £3ur Gs» least 
30 seven Gs, or all Os. In other wnbodiments Yi and/or Yi are selected from the group 
consisting of TCGTCO, TCOTCGT. and TCGTCOTT (SEQ ID N0:1 145). In yet other 
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embodiments Yi and/or Yi inchide at least one, two, dire^ four, or five poly-A, poly-T, 
or poly<C sequences. 

The center nucleotides CN1ZN2) of the formula YiNi^iYz Imve phosi^diester 
intemucleotide linkages and Yi and Yz have at least one modified intemucleotide 
S linkage. In some embodimoits Yj and/or Y2 have at least two modified intemucleotide 
linkages. In other ^nbodiments Y| and/or Yz have between two and five modified 
intonudeotide linkages. In yet 0^ ^bodiments Yi has two modified intemucleotide 
linkages and Y^ has five modified intemucleotide linkages ot Y] has five modified 
intemucleotide Itnki^es and Y2 has two modified intnnucleotide linkages. Hie modified 

10 intonucleotide linkage, in some embodimoxts is a phosi^olhioate modified linkage, a 
pho^horodithioate modified linkage or a p-etfaoxy modified Unlove. 

PDitioas of the fomula Y1N1ZN2Y3 may optionally fomi a palindrome. Thus, in 
some embodimoits tiie nudeotides of N1ZN2 fom a palindrome. In some embodiments 
the palindrome is not a direct tepest. In yet other embodimmts lhc nucleotides of N1ZN2 

15 do not form a palindrome. 

According to othor embodiments NjZNj has a sequence of nucleotides selected 
from tiie group consisting of OAnTTATCGTC (SEQ ID NO: 1098)» 
TCOATTTTTCGA (SEQ ID NO: 1099); TCATTTTTATOA (SEQ ID NO: 1 100); 
GTTTTTTACGAC (SEQ ID NO: 1101); TCAATTTTTTOA (SEQ ID NO: 1102); 

20 ACGTmTACGT(SEQIDNO: 1103);TCOTmTA0OA(SEQlDNO: 1104); 
TCGATnTTACGTCGA (SEQ ID NO: 1 105); AATTTnTAACGTT (SEQ ED NO: 
1106); TCGTTTTTTAAGGA (SEQ ID NO: 1 107); ACG l 1 i i 1 lA ACGT (SEQ ID ' 
NO: 1 108); GATTTTTATCOTC (SEQ ID NO: 1109); GACOATTTTTCGTC (SEQ ID 
NO: 1 1 10); GATTTTAOCTCOTC (SEQ ID NO: 1 1 1 1); GATTTTTACGTC (SEQ ID 

25 NO: 1 1 12); ATTTTATCGT (SEQ ID NO: 1113); AACGATTTTTCGIT (SEQ ID NO: 
1 1 14); TCACTTTTGTGA (SEQ ID NO: 1 1 15); TCGTATTTTA (SEQ ID NO: 1 1 16); 
ACTTTTGTACCGOT (SEQ ID NO: 11 17); TCGATTTTTCGACGTCGA (SEQ ID 
NO: 1118); ACGATTTTTCGT (SEQ ID NO: 1 1 19); GATGATCOTC (SEQ ID NO: 
1120); TCGATGrCGA(SEQIDNO: 1I2I);TCATQTATGA(SEQIDN0: 1122); 

30 GTGTTACGAC (SEQ ID NO: 1 123); TCAATGTTOA (SEQ ID NO: 1 124); 
ACGTOTACGT (SEQ ID NO: 1 125); TCGTOTACOA (SEQ ID NO: 1 126); 
TCOATGTACGTCOA (SEQ D NO: 1 127); AATGTTAACOTT (SEQ ID NO: 1 128); 
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TCGTOTTAACGA (SEQ ID NO: 1 329); ACGTOTTAACOT (SEQ ID NO: 1 130); 
GATGTATCGTC (SEQ ID NO: 1131); GACGATGTCGTC (SEQ ID NO: 1132); 
GATGAGCTCGTC (SEQ ID NO: 1 133); GATGTACGTC (SEQ ID NO: 1 134); 
ATGATCGT (SBQ ID NO: 1 135); AACGATGTCGTT (SEQ ID NO: 1 136); 
3 TCACTGGTGA (SEQ ID NO: 1 1 37); TCGTATGA (SEQ ID NO: 1 1 38); 

ACTGGTACCGGT (SEQ ID NO: 1 139); TCGATGTCGACGTCGA (SEQ ID NO: 
1 140); and ACGATOTCGT (SEQ ID NO: 1141), 

The composition may optionally indude a pharmaceutical carrier and/or be 
foimulated in a delivery device. In some embodiments the delivery device is selected 
iO fiom the group consisting of cationic iipids> cell pemieating ixt)teins» and sustained 
release devices. In one preferred embodiment tiie sustained release device is a 
biodegradable polymer. In another embodimMt the sustained release device is a 
micropartic^e* 

In motfaer aspect the mvraition is a con^sition of an immunostimulatory . 
15 oligonucleotide having the formula YiNiZNiYi* aiKl an antigen. 

Another composition of the invention is an immunostimulatory oligofiucleotide 
having the formula YiNtZNz Y2» and an anti-microbial therapeutic agent. Preferably the 
enti-micn>bial therapeutic agent is selected from the group consisting of an anti-vital 
agent, an anti^^parasitic agrat, an anti-bacterial agent, or an and-fungal agent. 
20 A composition of a sustained release device including an immunostimulatory 

oligonucleotide having the formula YiNiZN[2>Y2a is provided according to anotha: aspect 
of the invention. 

The invention also includes nutritional supplements of an immunostnnulatoiy 
oligonucleotidB having the formula Y1N1ZN2Y2, in a delivery device selected from the 
25 group constating of a capsule, a sublingual tablet, and a pill. 

In another aspect the compositions described above also include an 
immimostimulatory nucleic acid having an unmetfaylated CO dinuoleotide, a TO 
dinucleotide or a Py-rich sequence wherein the immunostimulatoxy nucleic acid having 
an unmetfaylated CO dinudeotide, a TO dinucleotide or a Py>rick sequrace has a 
30 different sequence than (he oligonucleotide comprising S' YiN|ZN2Y2 3\ 

In some embodiments the immunostimulatoTy nucleic add having an 
unmetfaylated CO dintideotide, a TG dinudeotide or a Py-rich sequrace has a 
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coB^letely phos^iodiester badcbone and in other nnbodiments the iramunostunulatory 
nucleic acid haviztg an uunethylated CG dinucleotide, a TG dinucleotide or a Py-ridi 
sequence has a mo^ed badcbone^ which optionally may have intemucleotide link^es 
selected fkom the group consisdng of i^osphorofhioaf e, phosphorodithioate, and p- 
5 ethoxy. 

In one embodiment immunostimulatoiy nucldc acid having an unmetiiylated CG 
dinudeotide has a formula comprising: ^ XtX2CGX3X4 ^' v^erein Xi, X2, X3 and X4 
are nucleotides. In other embodimerLis the immunosttmulatoTy nucleic acid sequence 
includes at least the following formula: 5' TCNTX1X2CGX3X4 3' whesein N is a nucleic 

10 acid sequmoe composed of finom about 0-25 luicleotides, wfaradn at least one nucleotide 
has a modified hitemucleotide linkage, and ^it4terrin die nucleic add has less than or 
equal to 100 nucleotides. According to some anbodunmts X1X2 are nucleotides 
selected from the groi^i consisting o£ GT, GO, GA and AA and X3X4 are nudeotides 
selected from the gfovp conai^iiig ot IT. CT or GT, In ajxreferred embodim^ XiXi 

IS areGAandXjX^areTT. 

In another embodiment the unmunostimulatory nucleic acid sequence having an 
umnethylated CG dinucleotide ii^ludes at least one of the following sequmces: 
ATCOACTCTCGAGCGTTCTC (SEQ ID No. 15); TCCATGTCGOTCCTQCTGAT 
(SEQ ID No. 32); TCCATOTCOGTZCTOATGCT (SEQ ID No. 31); 

20 ATCQACTCTCGAGCGTT2TC (SEQ ID No. 1 8); TCCATGTCGGTCCTGATGCT 
(SEQ ID No. 28); OOGGOO (SEQ ID No. 12); TCCATGACOOTCCTOATOCT (SEQ 
ID No. 35y, TCCATOOCOGTCCTGATGCT (SEQ ID No. 34); 
TCCATXJACOTTCCTOATGCT (SEQ ID No. 7); TCCATGTCGTTCCTGATGCT 
(SBQIDNa38);GGGGTCAOTCTTGACGGGG (SEQ ID No. 41); 

25 TCCATGTCGCTCCTXIATOCT (SEQ ID No. 37); TCCATGTCGATCCTOATGCT 
(SEQ ID No. 36); TCCATOCCOGTCCTGATGCT (SEQ ID No. 33); 
TCCATAACGTTCCTGATGCT (SEQ ID No. 3); TCCATOACGTTCCTGATOCT 
(SEQ ID No, 7); TCCATGACGTCCCTGATOCT (SEQ ID No 39); 
TCCATCACGTOCCTOATOCT (SEQ ID No. 48); TCCATOAOOTTCCTOACGTT 

30 (SEQ ID No.lO); ATGACGTTCCTOACGTT (SEQ ID No. 70); 

TCTCCCAGCGCGCGCCAT (SBQ ID No. 72); TCCATGTCGTTCCTGTCGTT (SEQ 
ID No. 73); TCCATAGCGTTCCTAGCGTT (SEQ ID No. 74); 
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In another aspect the invention relates to a pharmaceutical composition includii^ 
at least two oligonucleotides of the invention, wherdn the at least two oligonucleotides 
have dififerem sequraces &om one another and a phaimaceutically acceptable carrier. 

A vaccine formulation is provided according to anotfa^ aspect of the invention. 
5 The vaccine includes any of the compositions of the invention in combination with an 
antigen. 

According to another aspect of the invention a method of stimulating an immure 
response is provided The method involves administcrmg a Py-rich or a TG 
immunostimulatoiy nucleic acid to a non-rodent subject in an amount cfifective to induce 

10 an inunune response in the non-rodent subject. Preferably the Py-rich or TG 

inmiunostimulatoiy nucleic acid is administered oraUy» locally, in a sustained release 
device^ mucosally to a mucosal suj&ce» systemically, parenterally, or intramusculaily. 
When the Py-rich or TO immunostimulatory nudeic add is administ»:ed to the mucosal 
sur&ce it may be ddlvered ui an amount effeclivd for inducing a mucosal immune 

15 response or a systemic immune response. In preferred embodiments flie mucosal sur&ce 
is selected irom the g^up consisting of an oral, nasal, rectal, vaginal, and ocular surface* 

In some emhodim^ts the mefiiod includes exposing the subjjeot to an anti^ 
wherein fhe immune response is an antigen-specific immune response. The antigm may 
be encoded by a nucleic acid vector which can be delivered to the subject In some 

20 embodiments the antigen is selected from the group consisting of a tumor antig^ a viral 
antigen, a bacterial antigen, a parasitic antigen and a peptide antigen. 

Py-rich and TG immunostimulatory nucleic acids are capable of provoking a 
broad spectrum of immune response. For instarce these immunostimulatory nucleic 
acids can be used to redirect & Th2 to a Thl immune re^onse. Py-rich and TG nucleic 

2S acids may also be used to activate an immune cell, such as a leukocyte^ a dendritic cell, 
and an NK cell. The activation can be performed in vtvo, in vitro, or ex vivo, i.e., by 
isolating an immune cell from the subgect* contacting the immune cell with an effective 
amount to activate the immune cell of tiie Py-rich or TG immimostimulatory nucleic acid 
and re-administering the activated immune cell to the subject In some embodiments the 

30 dendritic cell expresses a canc^ antigen. The dendritic cell can be exposed to the cancer 
dntigmexvivo. 
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TCCTGACGITCCTGACGTT (SEQ ID No. 76); TCCTGTCGTTCCTaTCGTT (SEQ 
ID No. 77); TCCTOTCOTTCCTTGTCGTT (SEQ ID No. 52); 
TCCTTGTCGTTCXrrGTCGTT (SEQ ID No 121); TCCTGTCOTTTTTTGTCOTT 
(SEQ ID No. 208); TCGTCGCTGTTGTCGrTTCTT (SEQ ID No. 120); 
5 TCCATGCGTTGCGTTGCGTT (SEQIDNo. 81);TCCACGAa}TTTrCGACGTT 
(SEQ ID No. 82); TCGTCGTTGTCGTTGTCQTT (SEQ ID No. 47); 
TCGTCGTnTGTCGTTTTGTCGTT (SEQ ID No. 46); 
TCGTCGTTGTCGTTTTGTCGTT (SEQ ID No, 49); 

GCGTGOITTGTCOTTGTCGTT (SEQ ID No. 56); TGTCGTTTGTCGTTTGTCGTT 
10 (SBQ ID No, 48); TGTCOTTGTCGTTGTCGTTGTCGTT (SEQ ID No. 84); 

TGTCGTTGTCGrrGTCGTT (SEQ ID No. 50); TCGTCGTCGTCOTT (SEQ ID No. 
5 1); and TGTCGTTGTCGTT (SEQ ID No. 85). In mother embodiment the 
immimostimiilatoiy nucleic add haviog a Py-rich or TG sequence is a nucleic add as 
described above. 

15 In another aspect the invention relates to pharmaceutical compositions and kits 

vMcti contain both an oligonucleotide having the formula YiN|2N2Y2 and a CpG 
oligonudeotide (which optionally may be free of poly T and TG motifs and not be Py- 
rich), a Py-rich and/or TG oligonucleotide physically separate fiom the oligonucleotide 
having the fomnila Y1N1ZN2Y2. The pharmaceutical preparations are in effective 

20 amounts and Q^ically include pharmaceutically acceptable carrim, all as set forth in 
detail herein. The kits include at least one container containing an oligonucleotide 
having the formula YiNfZN2Y2. The same container, or in other embodiments, a second 
container, may contain an oligonucleotide with a CpG motif^ wl^ch optionally may be 
free of Py-rich and/or TG motifs and/or a Py-ridi or TG oligonucleotide (or some 

25 combination thereof). The kit also contains instructions for administering the 

oligonucleotides to a subject. The kits also may include a container containing a solvent 
or a diluent. 

In summary, as if fully recited herein, an oligonucleotide having the formula 
Y]NiZN2Y2 which is physically separate firom the CpG, Py-rich or TG oli^nucLeotide 
30 can be used together with the CpG, Py-ridi, TG oligonucleotides, in the methods, 
compositions and products described herdn. 
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The immune response produced by Py-rich or TG nucleic acids may also result in 
induction of cytokine production, e,g., production of IL-6, IL-12. IL-18 TNF, IFN-a and 
IFN-y. 

In still another embodiment, the Py-rich and TG nucleic acids are useful for 
3 treating cancer. The Py-rich and TG nucleic acids are also useful according to other 
aspects of the invenion in preventing cancer (e.g., reducing a risk of developing cancer) 
in a si^ect at risk of developing a cancer. The cancer may be selected firom the group 
consisting of biliary tract cancer^ breast cancer» cervical canca:» choriocarcmomai colon 
canoer» endometrial cancer^ gastric canc^^ intraqpithelial neoplasms, lymphomas, liver 

10 cancer^ lung cancer (e.g. small cell and non-small oeU)» melanoma, neuroblastomas, oral 
cancer;, ovarian cancer^ pancreas cancer, prostate cancer, rectal cancer, sarcomas^ thyroid 
cancer, and renal canc^, as well as other carcinomas and sarc<mias. In some unporlant 
^bodhnents, the cancer is selected from the gxoup consisting of bone cancer, brain and 
CNS cancer^ connective tissue cancer» esc^hageal cancer, eye canc^, Hodgkin's 

1 S lymphoma, larynx cancer, oral cavity cancer, skin cancer, and testicular cancer. 

Py-rich and TG nucleic acids may also be used for increasing the respoiLsiveness 
of a cancer cell to a cancer therapy (e.g., an anti-cancer therapy), optionally when the Py^ 
tich or TG immunostimulatory nucleic acid is administered in conjunction with an anti- 
cancer therapy. The anti-cancer therapy may be a chemotherapy, a vaccine (e.g., an in 

20 vitro ^med dendritic cell vaccine or a cancer antigen vaocit^) or an antibody based 
therapy* This latter th^py may also involve admmistering an antibody specific for a 
cell surface antigen of, for »ample> a cancer cell» wherdn the immune re^onse results 
in antigen (pendent cellular cytotoxicity (ADCC). In one embodiment, the antibody 
may be selected Gxm the group consisting Ributaxm, Herceptln, Quadramet^ Panorex, 

25 IDEC.Y2B8, BEC2. C225, Onoolym, SMART M19S, ATRAOEN, Ovarex, Bexxar, 
LDP.03, ior t6. MDX-2I0. MDX-ll, MDX-22, OVI03, 3622W94, anti-VEGP, 
Zenapax, MDX-220, MDX-447, MELlMMUNE-2, MELIMMUNE-1 , CEACIDE, 
Pretarget, NovoMAb-G2, TNT, Oliomab-H, aNI-250, KvID-72000, LymphoCide, CMA 
676, Monopharm-Q 4B5, ior egf j3, ior c5, BARS, anti-FLK-2, MDX-260, ANA Ab, 

30 SMART IDIO Ab. SMART ABL 364 Ab and ImmuRATT-CBA. 

Thus, according to some aspects of the invention, a subject having cancer or at 
risk of having a cancer is administered an immunostimulatory nulceic acid and an and- 
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canc» therapy. In some ^bodimmts, the and-cancer therapy is selected horn the group 
consisting of a diemotherapeutic age»)t, m iinmunothen^atic agent and a cancer 
vaccine. The i^eniothCTapeutic ^gem may be selected fitim the group con 
mctbotiexate, vincristinei adiiamydn, cisplatin^ non-sugar containing 
$ chloroetfiylnitrosoureaS) S*-fluorDuracil» mitomycin Q bleomycin^ doxorubicin, 
dacarbazine» taxoi» &agyline, Meglamine OLA, valnibicin, carmustaine and 
poliferposan, MMI270, BAY 12-9566, RAS femesyl transferase inhibitor, famesyl 
transferase inhibitor, MMP, MTA/LY231514, LY2646I8/Lomefexol, Glamolec, a-994> 
TNP-470, Hycamtin/Topotecan, PKC412, Vaispodar/PSC833, 

10 Novantrone/Mitroxantronei Metaret/Suiamin, Batimastat, B7070, BCH-4556, CS-682, 9- 
, AC, AG3340, AG3433, InceIA^-710, VX-853, ZDOlOl, ISI641, ODN 6S«, TA 
2516/Marmi$tat, BB2S16/Maimi5tat, CD? 845. 02163, PDI83805^ DX8951f, Lemonal 
DP 2202, FK 317, PicibaniI/OK-432» AD 32A^alrubidn, Mctastron/strontium denvative, 
TemodaliTremozDlomide, Evaoet/liposomEd doxorubicin^ Yewtaxan/Placlitaxel, 

t5 Taxol/Paclitaxely Xeload/Capecifabine^ Furtulon/Ooxifluridine, Cydopax/oial paclitaxel» 
Oral Taxoid, SPU-077/Ci5piatin, HMR 1275ynavopiridol, CP-358 a74yEGFR, CP^fi09 
(7S4yRAS oncogene inhibitor, BMS-18275I/oral platinum, UFT(Tegaftir/Uiacil), 
6rgamisol/Levami5oie»£niluracil/776C8S/SFU enhancer, Campto/Levamisole, 
Camptosar/binotecan, Tumodex/Ralitrexed, Leustatin/Cladribine, Paxex/Paclitaxel, 

20 Doxil/liposomal doxc^uhidn, Caelyx/lipo^omal doxorubicin, Fludara/Fludarabine, 
Pharraarubicin/Epirubicin, DepoCyt, ZD1839, LU 79553/Bis-NaphfaIimide, LU 
103793/Dola5taxn, Caetyx/liposomal doxorubicin, GemzarASemQitabine, ZD 
0473/Anormed, YM 1 16, Iodine seeds, CDK4 and CDK2 inhibitors, PARP inhibitors^ 
D4809/Dexifoi^mide, Ifes/Mesnex/Ifo^mide, Vumon/Teniposide, 

25 Pai^latin/Carboplatin, Plantinol/cisplatin, Vepeside/Etoposide, ZD 933 1 , 

Taxotere/Docefaxel, piodrug of guanine erabmoside, Taxane Analog, nitrosoureas, 
alkylating agents such as melphdan and cyclophosphamide, Aminoglutetfiimide, 
Asparaginase, Busul&i, Carboplatin, Chloiombucil, Cytarabine HCI> Dactinomycin, 
Daunonihicin HQ, Bstramustme phosphate sodium, Etoposide (VP16-213}, Floxuridine;, 

30 Fl\K)rouracil (5-FU), Flutamide, Hydroxyurea (hydroxycarbamide), Ifosfamide, 
Interferon Alfa*2a, Al£a-2b, Lcuprolide acetate (LHRH-releasingJTactor analoguel, 
Lomustine (CCNU), MechlorethamineHCI (nitrogen mustard), Mercai^opurine, Mesna, 
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Mitotane (o.p'-DDD), NGtoxantrooe HCI, Octreotide, Pli&amycin, Piocarbaziiie HCl, 
Streptozocin, Tamoxifen citrate, Thioguanine, Thiotepa, ViDblastine snl&te, Amaacrine 
(m-AMSA), Azadtidincy ErthropoietiD, Hexamethylmelamine (HMM), Interleukin 2, 
MifoKimzone (methyl-GAG; methyl glyoxai bis-guanylhydrazone; MQBQ), Pratosfatin 
5 (2'deoxyoofonnycinX Senmstine (methyl-CCNU), Teniposide (VM-26) and Vindesine 
sui&te, but it is not so limited. 

The immunotfi^^eutic agent may be selected from the group consisting of 
Ributaxin, Hercqrtin, Quadramct, Panorex, IDEC-Y2BS. BEC2, C225, Oncolym^ 
SMART Ml 95, ATRAGEN, Ovarex, Bexxar, LDP-03, ior t6, MDX-210, MDX-1 1, 

10 MDX-22, OV103. 3622W94, anti-VEGF, Zenapax, MDX-220, MDX-447, 

MBLIMMUNE-2, MELIMMtfNE-1, CEACIDE, Pretarget, NovoMAb-G2, TNT, 
Oiiomab-H* GNI-250, EMD-72000» LyinphoCide, CMA 676, Monophami-C, 4BS, ior 
egf.r3, ior c5, BABS, anti-FLK.2, MDX-260, ANA Ab, SMART IDIO Ab, SMART 
ABL 364 AbandlmmuRAIT-CEA, but it is not so limited. 

15 The cancer vaccine may be selected fit>m the groi^ consisting of EGF, Anti- 

idiotypic cancer vacdnes, Op75 antigen, OMK melanoma vaccine, MGV ganglioside 
conji^ate vaccine, HerZ/neu, Ovarex, M^Vax, 0-Vax, L-Vax, STn-KHL tfaeralope, 
BLP2S (MUCM), %osomal idiotypic vaccine, Meladne, peptide antigai vaccines, 
toxin/antigm vaccines* MVA-based vacdne, PACIS, BCG vacine, TA-HPV, TA-CIN, 

20 DISC-virus and ImmuCyst/TheraCys, but it is not so limited. 

In still another embodiment of the methods directed to preventing or treating 
cancer, the subject may be further adminsitcred interferon-a. 

The invention in other aspects relates to methods for preventing disease in a 
subject. The method involves admmistering to the subject a Py^ridi or a TG 

25 immunostimulatory nudeic acid on a regular basis to promote immune system 

tesponsivenesss to prevwt disease in the subject Examples of diseases or conditions 
sought to be prevented using the prc^hylactic methods of the invention include microbial 
infections (e.g., sexually transmitted diseases) and anaphylactic shock from food 
allergies. 

30 In other aspects^ the invention is a method for inducing an innate immune 

response by admmistering to the subject a Py-rich or a TG immunostimulatory nudeic 
acid in an amount effective fbr activating an innate immune response. 
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According to another aspect of ttie invention a method for treating or preventing a 
viral or r^viral infection is provided The method involves administering to a subject 
having or at risk of having a viral or retroviral infection, an effective amount for treating 
or preveaiting the viral or retroviral infection of any of the composidons of the invention. 
5 In some embodiments the virus is caused by a h^atitis virus, HIV, hepatitis B, hepatitis 
C, hwpes virus, or papillomavirus. 

A mediod for ti^ng or prev^ng a bacterial in&ction is provided according to 
another s^ect of the invention^ The method involves administermg to a subject having 
or at risk of having a bacterial infection, an effective amount f<x treating or prevoiting 
10 the bacterial infection of any of tiie compositions of the invention. In one embodiment 
the bacterial infection is due to an intxacellulaz baot^a. 

In another aspect the invention is a method for treating or preventh^ a parasite 
infection by administering to a subject having or at risk of havmg a parasite infection, an 
effective amount for treating or preventing tlie parasite infection of any of the 
15 compositions of the inventi<XL In one embodiment the parasite infection is due to an 
mtracdlular parasite. In another embodiment the parasite infection is due to a non- 
hetmimfaic parasite. 

In some embodnnents the subject is a human and in other embodiments the 
subject is a non-human vertebrate selected from the group consisting of a dog, cat, horse, 
20 cow, pig, goat» fish» monkey, chicken^ and sheep. 

In yet anotiier aspect, the invention is a method for treating or preventing astiima, 
by administering to a subject having or at risk of having asthma, an effective amount for 
treating or preventing the asthma of any of the compositions of the invention. In one 
embodimmt the asthma is allergic astlima. 
25 In another aspect the invention relates to a method for treating or preventing 

allergy. The method involves administering to a subject having or at risk of having 
allergy, an effective amount for treatiAg or preventii^ the allergy of any of the 
compositions of the invention. 

A method for treating or preventing an immune deficiency is provided accordmg 
30 to anodio' aspect of die invmtion. The method involves administering to a subject 

having or at risk of an immune d^dency, an effective amoimt for treating or preventing 
the immune defici^y of any of the compositions of the invsitionp 
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In anotiier aspect the invention relates to a method for inducing a THl immune 
response by administering to a subject any of die compositions of the invention m an 
effective amount to produce a THl immune response. 

[n one embodiment the methods of the invention involve admmisterii^ an 
5 oligonucleotide of formula S* Y1N1ZN2Y2 3 ' and an immunostimulatory nucleic acid 
having an unmethylated CG dinudeotide a TO dimicleotide or a T-rich sequence. In an 
embodimjOU the oligonucleotide comprising 5' Y1N1ZN2Y2 3' is administered separately 
ibom the immunostimulat(N7 nucleic add. In some embodiments the oligonucleotide 
comprising 5' YiNiZNiYs 3' and the immunostimulatory nucldc add are admimslered 

10 on an alt^ating weekly sdiedule and in other embodiments the oligonucleotide 

comj^sing 5' Y]NiZN^Y2 3' and the inmiunostimiilatory nucleic add are administered 
on an alt emaling biweddy ^hedule. 

The invention provides m anotfier aspect a composition* comprising an 
immunostimulatoiry nucleic add and an anti-canc^ ^erapy^ formulated in a 

15 pharmaceudcally-accqjtable carri^ and in an effective amount to treat a cancer or to 
reduce the risk ofdeveloping a cancer. In important embodiments, fhe 
immunostimulalary nucleic add is selected from the group consisting of a T-rich nucleic 
acid, a TO nuddc acid and a C-rich nucleic add. 

The uivention taribst provides a kit comprismg a first container housing an 

20 inununosthnulatoiy nucleic add and at least one odier container (e.g., a second 
containi^) housing a an anti-cancer therapy, and mstnictions for u%. In one 
embodiment, the kit fiirth^ oompri^s interferon-a, which may be ^arately housed in 
yet anoth^ container (e.g.» a third container). In an important embodiment, the kit 
comiHises a su^ned-release vehide containing an immunostimulatory nucleic ad4 ^d 

25 at least one container housing an anti-canc^ therapy, and instructions insfructions fbr 
timing of administration of the anti-cancer therapy. The immunostimulatory nucleic 
add may be selected from the group consisting of a Py*Tich nucleic add, a TG nudeic 
add and a CpG nudeic add, wherein ttte CpG nucleic acid has a miloeotide sequence 
comprising SEQ ID NO: 246. 

30 The invention further provides a method for preventing or treating asthma or 

allergy, comprising admmistering an immunostimulatory nucldc add and an 
astimia/alleigy medicament in an effective amount to treat or prevent the asthma or 
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allergy* In important embodiments^ the immunostimulatory nucldc add is selected from 
the group consisting of a T-ridi nucleic acid^ a TG nucleic acid and a C-rich nucleic acid. 

In one embodiment the immunostimulatory nucldc acid is a T*zidi nucleic acid. 
In a lelated embodiment, the T-rich nucleic acid has a nucleotide sequence selected from 
5 the group consisting of SEQ ID NO: 59-63, 73-75, 142, 215, 226, 241 , 267-269, 2«2, 
301, 304, 330, 342, 358, 370.372, 393, 433, 471, 479, 486, 491, 497, 503, 556-558, 567, 
694, 793-794, 797, 833, 852. 861, 867, 868, 882, 886, 905, 907, 908, and 910-913. In 
other embodiments the T-rich nucleic acids are sequence selected from the group 
consisting of SEQ ID NO: 64, 98, 112, 146, 185, 204, 208, 214, 224, 233, 244, 246, 247, 

10 258, 262, 263, 265, 270-273, 300, 305, 316, 317, 343, 344, 350, 352, 354, 374, 376, 392, 
407, 41 1413, 429432» 434, 435, 443, 474, 47S, 498-501, 518, 687, 692, 693, 804, 862, 
883, 884, 888, 890, and 89U 

[n yet a further related anbodhnent, the T-rich nucleic acid is not a TG nucleic 
acid In yet still another embodfanent, tfie T-rich nucleic add is not a CpG nucldc acid. 

15 In one ^bodimem, the immunostimidatory nucleic acid is a TGnuddc acid. In 

a iurther related embodiment, the TG nucleic acid is not a T-rich nucldc acid In another 
related embocfiment, ttie TG nucleic acid is not a CpG nucleic acid 

In one embodimrat, the immunostimulatoiy nucleic acid is a CpG nucleic add, 
^erdn the CpG nucleic add has a nucleotide sequ^ice comprising SEQ ID NO: 246. 

20 In another mibodimmt, the asthma/allergy medicament is a medicament selected 

from the group consisting of PDE-4 inhibitor, BronchodiIatorybeta*2 agonist, K+ channel 
opener, VLA-4 antagonist, Neurokin antagonist, TXA2 synthesis inhibitor, Xanthanine, 
Arachidonic add antagonist, 5 lipoxygenase inhibitor, Thiomboxin A2 receptor 
antagonist, Thromboxane A2 antagonist. Inhibitor of 5-lipox activation protein, and 

25 Protea&e inhibitor, but is not so limited In some cnportant embodim^ts, the 

asthma/all^gy medicament is a Bronchodilatot/beta<^2 agonist selected from the group 
oonsisthig of salmeterol, salbutamol, terbutaline, D2522/fonnoterol, fniotexol, and 
ordpr»ialine. 

In anoth^ embodiment, the astfamayalleigy medicaxnent is a medicament selected 
30 from the group consisting of Anti-histamines and Prostaglan^ inducers. In one 
embodfanent, fte anti-histsmii^ is selected from the group consisting of loratidme, 
cetirizine, budidne, cet^dne analogues, fexofenadine, terfenadine, desloratadhie, 
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norastemizDle, qrioastine, ebastine, ebastiiie, astemizole, levocabastinfi^ azelastine, 
franilast, tofenadixie, mizolastiDe, betatastine, CS S60, and HSR 609, In another 
embodiment, the Prostaglandin inducer is S-S75]. 

In yet anothn embodiment^ the asthma/allergy medicamrat is selected fitim the 
5 group consisting of Steroids and Immunomodulators, Hie immunomodulators may be 
selected from the group consisting of anti-inflammatory agmts, leukotriene antagonists, 
IL4 muteins^ Soluble [L-4 receptors, Immunosuppressants, anti-IL-4 antibodies, IL-4 
antagonists, anti-IL-5 antibodies, ailuble IL-13 receptor-Fc fusion proteins, anti-IL-9 
antibodies^ CCR3 antagonists, CCR5 antagonists, VLA'4 inhibitors, and Do^vnregulators 
10 of IgE, but are not so limited In one embodim^ the downregulator of IgE is an anti- 
IgE 

In another mibodimmt. the Storoid is selected fiom the group consisting of 
bedomettiawnes fluticasone* framcinolone, budesonide, and budesonide. In still a 
furiit^ embodiment* the Immunosuppressant is a Tolerizing peptide vaccine. 

15 In one embodimmt, the immunostimulatory nucleic acid is administered 

concurrently with the asthma/allergy medicament In another embodim^ the subject is 
an immunocon^romised subject 

The immunostimulatory nuddc acids to be administ^ed to a subject in the 
methods disclosed herein relating to the prevention and treatment of asthma/allorgy are 

20 as described for other method aspects of the invmlioit 

In another aspect, the invention provides a kit comprising a first container 
housing an immunostimulatoiy nucleic acid, and at least another containio: (e.g., a second 
container) housing an asthma/allergy medicament, and instructions for use. The 
immunostimulatory nucleic acid useful in the kit is as described herein. In important 

25 embodiments, the inununostimulatory nucleic acid is selected from the group consisting 
of a T-rich nucleic acid, a TO nucleic acid and a C-nch nucleic add. In anotfa^ 
important embodiment, the kit comprises a sustained-release vehide containing an 
immunostimulatoiy nucleic acid, and at least one container housing an asthma/allergy 
medicament, and instructions for timing of administration of the as^a/allergy 

30 medicament. The asthma/dlergymedicacient may be selected from the group of 
asthma/allergy medicaments described in the foregoing m^bods duected towards the 
prevention or treatment of astbma^llergy. 
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In yet another aspect, Ifae inveotiQii provides a composhioDp comprising an 
immuiK>stimulatory nucleic add and an asthma/all^^ medicament, fomiulated in a 
phaimaceuticaliy-acoeptable carrier and in an efifective amount for preventing or treating 
an immune response associated with mposure to a mediator of asthma or allergy. The 
5 immunostimulatory nwleic add may be selected from the groi^^ of immunostimulatory 
nucleic adds desoibed for the foregoing methods and compositions, tn important 
embodiments, the immunostimulatory nucleic acid is selected from the group consisting 
of a T-rich nudeic add, a TG nucleic acid and a C-rich nucleic acid. The astfama/allergy 
medicament may be sdected from the group consisting of asthma medicam^s and 

10 allei]gy medicaments as described in tiie foregoing methods and compositions* 

In still a furtti^ aspect, ttie invention provides a composition comprising an 
immur^stimulatory nucleic add selected from the group consisting of S£Q ID NO: 95- 
136p SBQ ID NO: 138-152, SEQ ID NO: 154-222, SEQ ID NO: 224-245, SEQ ID NO: 
247-261, SEQ ID NO; 263-299, SEQ ID NO: 301, SEQ ID NO: 303-4109. SEQ ID NO: 

15 414420, SEQ ID NO: 424» SEQ ID NO: 426-947, SEQ ID NO: 959-1022. SEQ ID NO: 
1024-1093, and a pharmaceuticalty acceptable earner. Preferably the 
immmKStimulatory nucleic acid is present in the composition m an effective amount In 
one embodiment, the immunostimulatory nucleic acid is present in an efiTective amount 
to induce an immune response. In another embodiment, the inununostimulatory nucleic 

20 acid is present in an effective amount to inevent or treat cancer. In yet a further 

embodiment, the immunostimulatoiy nucleic acid is present in an eSective amount to 
prevent or treat asthma/allergy. Hie invention also provides kits comprising any of die 
foregoing immuno^imulatory nucleic acid compositions, and instmctions for use. 

In another aspect the invention includes a composition of an immimostimuiatory 

25 nucleic acid consisting essentially of: 5' M1TCGTCGTTM2 3' wherein at least one of the 
Cs is unmethylated, vAv^rcm Mi is a nucleic acid having at least one nucleotide, whmin 
M2 is a nucleic acid having between 0 and 50 nucleotides^ and wherein the 
immunostimulatory nucleic add has less dian 100 nucleotides. 

In 3ret other aspects the invmtion rdates to a pharmaceutical composition of an 

30 inmiunostimulatory nucleic add comprising: S' TCGTCGTT 3' wherein at least otie of 
tiie Cs is unmethylated. wherem the immunostimulatory nucleic acid has less than 100 
nucleotides and a phospho(tiester badcbone, and a sustained rdease device. In some 
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raibodimcixts die sustained idease device laodicrembodimetatsthe 
CQmposition includes an antigea 

Each of the limitations of the invention can encompass variow embodiments of 
the invention. It is, thei:efoire, anticipated thai each of the limitations of the invention 
5 involvhig any one element <x- combinations of elemimts can be included in each aspect of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 A is a histogram of the expression of CDS6 (Y--axis) by CD19+ cells 
following exposure of these cells to the ol^onuclcotides shown on the X-axis at a 
10 conoentiad<xiof0.15^g/ml. 

Figure IB is a histogram of the e)q)[ression of CD86 (Y-axis) by CD19+ cells 
following exposure of these cells to the oligonucleotides shown on the X-axis at a 
concentration of 0.3 0 ;xg/mL 

Figure 2 is a graph comparing tiie abilities of ODN 2137, ODN 2 1 77, ODN 2200 
15 and ODN 2202 to stimulate B cell proliferation at concentrations ranging from 0.2 p^g/ml 
to 20 iig^ml. 

Figure 3 is a graph comparing the abilities of ODN 2l8g, ODN 21 89, ODN 2190 
and ODN 2182 to stimulate B cell prolifmdon at concentrations ranging from 0.2 M^ml 
to 20 (ig/ml. 

20 Fig. 4 is a bar graph depicting dose-dependent B cell activation induced by non- 

CpG ODN, PBMC of a blood donor were incubated with the indicated concentrations of 
ODNs 2006 (SEQ ID NO.: 246), 2117 (SBQ ID NO.: 358), 2137 (SEQ ID NO.: 886), 
5126 (SEQ ID NO.: 1058) and 3162 (SEQ ID NO.: 1094) and stained with mAb for 
CDl 9 (B cell maik^) and CD86 (B cell activation marker, B7-2). E3q)Tession was 

25 measured by flow cytometry. 

Fig. 5 is a bar graph depicting stimulation of B cells by a diverse set of non-CpG 
ODNs. PBMC of one rqsresentative donor were stimulated by 04p.g/ml, 1 .O^g/ml or 
10,0^g/ml of the fottowing ODNs: 2006 (SEQ ID NO.: 246), 2196 (SEQ ID NO.: 913\ 
2194 (SEQ ID NO.: 911X 5162 (SEQ ID NO.: 1094), 5163 (SEQ ID NO.: 1095), 5168 

30 (SEQ ID NO.: 1096) and 5169 (SEQ ID NO.: 1097) and expression of the activation 
markra CD86 037-2) on CD19-positive B cells was measured by flow cytometry. 
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Pig 6 is a bar giaph depicting B ceil activodon by nonrCpQ ODNs 1982 and 
2041. PBMC weiB incubated with die indicated concentrations of ODN 2006 (SEQ ID 
NO.: 246), 1982 (SEQ ID NO.: 225) and 2041 (SEQ ID NO.: 282) and B cell activation 
(expiession of die activation marker CD86) was measured by flow cytometry. 

3 Fig. 7 is a bar graph depicting NK celU ate activated by non-CpG ODNs, PBMC 

were incubated with 6|ig/ml of the following ODNs: 2006 (SEQ ID NO,: 246), 2117 
(SEQ ID NO.: 358X 21 37 (SEQ ID NO.: 886), 2183 (SEQ ID NO.: 433), 2194 (SEQ ID 
NO.: 91 1) and 5126 (SEQ ID NO.: 1058) and stained with mAb for CD3 (T cell 
marker), CD56 (NK cell marker) and CD69 (early activation marka). Eiq)rBs$ion of 

10 CD69 on CDS6-p08itive NK cells was measured by flow cytometry. 

Fig. 8 is a bar grqih depicting NEC-mediated cytotaxMty is ^ihanced by non- 
CpO ODN. NK-mediated lysis of K-562 target cells was measured after over night 
incubation of PBMC with 6^gAnl of the ODN 2006 (SEQ ID NO.: 246), 2194 (SEQ ID 
NO.: 911) and 5126 (SEQ ID NO.: 10S8). 

15 Fig. 9 is a bar gce^h depicting NKT cells can be activated by xum-CpO ODN. 

PfiMC of ano representative donor were incubated with 6jyig^ml ODN 2006 (SEQ ID 
NO.: 246), 21 17 (SEQ ID NO.: 358), 2137 (SEQ ID NO.: 886), 2183 (SEQ ID NO.: 
433), 2194 (SEQ ID NO.: 91 1) and 5126 (SEQ ID NO.: 1058) for 24h and activation of 
NKT cells was measured by flow qrtometiy after staining of cells with mAb for CD3 (T 

20 cell marker), CD56 (NK cell marker) and CD69 (early activatidn maricer). 

Fig. 1 0 is a bar graph depicting stimulation of monocytes by different CpG and 
non-CpGODN. PBMC were incubated with 6^ig/ml 2006 (SEQ ID NO,: 246), 21 17 
(SEQ ID NO.: 358). 2137 (SEQ ID NO.: 886), 2178 (SEQ ID NO.: 428), 2183 (SEQ ID 
NO.: 433), 2194 (SEQ ID NO.: 911). 5126 (SEQ ID NO.: 1058)and 5163 (SEQ ID NO.: 

25 1095) and stained fbr 0)14 (monocyte marker) and CD80 0^7-l> activation marker). 
Expression was measured by flow ^lom^iy. 

Fig. 1 1 is a bar graph depicting release of TNFa upon culture of human cells with 
nonrCpO ODN. PBMC were cultured for 24h with or without 6M.g/^ml of the hidioated 
ODNs or lug/ml LPS as positive control and TNFa measured by ELISA. 

30 Fig. 1 2 is a bar graph depicting release of IL-6 after culture with non-CpG ODNs 

shows the same pattern as for TNFcx. PBMC were cultured with the indicated ODNs 
(LOMg/inl) and IL^S was measured in the Bq>ematants by ELISA. 
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DETAILED DESCWnbN 
The inventioii in one aspect involves the finding that pynnudine (Py) rich and 
preferably thymidine (T) rich nucleic acids as well as nucleic acids that contain TQ 
dinucleotide motL& are effective m mediating immune stimulatory effects* It was known 
S in tfie prior art that CpG containing nucleic acids are therapeutic and prophylactic 
compositions that stimulate the immune system to treat cancer, infectious diseases, 
allergy, asthma and other dividers and to help protect against oj^ortunistic infections 
following cancer chemotherapies. The strong yet balanced, celliJar and humoral 
immune responses that result &om CpO stimulation reflect the body^s own natural 

10 defense system against invading pathogens and cancerous cells. CpG sequoices, while 
relatively rare in human ON A are commonly found in the DMA of infectious or^misms 
such as bactma. Hie human immune system has i^parently evolved to recognize CpO 
sequences as an early warning sign of infection, and to initiate an immediate and 
powerful immune respcmse against invading pathogens without causing adverse reactions 

IS frequently seen with other immune stimulatory agents. Thus CpG containing nucleic 
acids, relyli^ on this innate immune defense mechanism, can utilize a unique and natural 
pathway for inmiune therapy. The effects of CpG nucleic acids on immune modulation 
were discovered by the invented of fhe instant pat^ application and have beoi described 
extensivdy in co-spending patent applications, such as U.S. Patent Application Serial 

20 Nos: 08/386,063 fUed on 02/07/95 (and related PCTUS95/01570); 08/738,652 filed on 
10/30/96; 08/960 J74 filed on 10/30/97 (and related PCT/US97/19791, WO 98/18810); 
09/191.170 filed on 1 1/13/98; 09/030,701 filed on 02/25/98 (and related 
PCT/US98/03678; 09/082,649 filed on 05/20/98 (and related PCT/US98/10408); 
09/325,193 filed on 06/03/99 (and related PCT/US98/04703); 09/286,098 filed on 

25 04/02/99 (and related PCT/US99/07335); 09/306,281 filed on 05/06/99 (and related 
PCT/(JS99/09863)« The entire contents of each of these patents and patent applications 
is hereby incorporated by referrace. - 

The findings of the instant invention are applicable to all of the above described 
uses of CpG containinig nucleic adds as well as any other known use for CpO nucleic 

30 acids. The invention involves, in one aspect^ the discovery that Py-rich and preferably T- 
ricb and TO nucleic acids have sunilar immune stimulatory prop^iies to CpG 
oligonudeotides regardless of whether a motif is present Thus the invration is 
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useful for any mettiod for stimulatipg the imznune system using Py-rich or TO nucleic 
adds, [t was also discovered suzprisingjy according to the invention that chimeric 
oligonucleotides whidi lack a CpO motif are immune stimulatory and have many of the 
same prophylacdo and therapeutic activities as a CpG oligonucleotide. 
5 A Py-rich nucleic acid is a T-rich or C-rich immunostimulatory nucleic acid. In 

some embodiments T-iidi nucleic acids are preferred. A T-rich nucleic acid is a nucleic 
acid which includes at least one poly T sequence and/or which has a micleotidB 
composition of greater than 25% T nucleotide residues. A nucleic add having a poly-T 
sequence includes at least four Ts in a row, such as 5*TTTT3', Preferably the T-rich 

1 0 nucleic acid includes more than ono poly T sequence. In prefixed embodimmts the T- 
rich nucldc acid may hove 2, 3, 4, etc poly T sequences, such as oligonucleotide #2006 
(SEQ ID NO:Z46). One of the most highly immunostimulalory T-ridi oligonucleotides 
discovered according to the invention is a nucleic acid composed entirely of T nudeotidB 
residues, e.g,, oligonucleotide #21S3 (SEQ ID NO:433). Oth^ T-rich nucleic acids 

1 5 according to the invention have a nucleotide composition of greater than 25% T 

nucleotide residues^ but do not necessarily include a poly T sequmce. In these T-rich 
nucleic acids the T nucleotide resides may be separated fi:om one another by other types 
of nucleotide residues, G, C> and A. In some embodimmts the T-rich nucleic acids 
have a nucleotide composition of greater than 35%, 40%, 50%, 60%, 70%, 80%, 90%, 

20 and 99%»T nucleotide residues and every integer % in between. Preferably the T-rich 
nucleic adds have at least one poly T sequence and a nucleotide composition of greater 
than 25% T nucleotide residues. 

It was discovered according to the invention that the T cont^t of an ODN has a 
dramatic effect on the immune stimulatory effect of the ODN and that T-rich ODN can 

25 activate multiple human immune cell types in the absence of any CpG motifs. An 
oligonucleotide having a 3' poly-T region and 2 5'CGs e.g., ODN 2181 (SEQ ID 
NO:431) is highly immune stimulatory. An oligonucleotide of similar Iragtfa^ ODN 
2116 (SEQ ID NO:357) which contains two CG dinucleotides at the S* end and apoly-C 
region at the 3' end was also immune stimulatory but to a lesser extent than the T-rich 

30 oligonucleotide using standard e^qierimental conditions, llius, although C and T have 
almost identical structures, tiieir effects on the immune properties of an ODN are varied 
They botii are capable ofinducing an immune response but to different extents. Thus 
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both T^iich and C-dch oligonucleotides are useful according to tfie invention, but T-rich 
oligonucleotides are pref^red. Furthermore, if the T content of the ODN is reduced by 
inooipoialing odiet bases such as O, A, or C, then tiie immune stimulatory effects are 
reduced (ODN #2188 (SEQ IDNO:905), 2190 (SEQ IDNOrPO?), 2191 (SEQ ID 
5 NO:908). and 2193 (SEQ ID NO:9I0)X 

A C*ricb nucleic acid is a nucleic acid molecule having at least one or preferably 
at least two poly-C regions or which is composed of at least 50% C nucleotides. A poly-^ 
C region is at least four C residues in a row. Thus a poly-C region is encompassed by 
the formula 5'CCCC 3\ In some embodiments it is prefkred that the poly-C region 
10 have the formula 5*CCCCCC 3*. Other C-rich nucleic acids according to the invention 
have a nucleotide composition of greater than 50% C nucleotide residues^ but do not 
necessarily inchde a poly C sequence. In these C-rich nucleic acids the C nucleotide 
residues be separated &om one another by other types of nucleotide residues^ i.e., G, 
Tp and A. In some embodiments C-^ridi nucleic acids have a nucleotide composition 
IS of greater than 60%» 70%. 80%, 90%, and 99%, C nucleotide residues and every integer 
% in between. Preferably fiie C-rich nucleic acids have at least one poly C sequence and 
a nucleotide composition of greater than 50% C nucleotide residues, and in some 
embodiments are also T-rich. 

As shown hi the Exan^^les, several ODN previously believed to be non- 
20 immunostimuIaK^, inducting two ODNs SEQ ID NO.: 225 and SEQ ID NO.: 282 
' previously described to be non-stimulatoiy and mainly used as control ODNs 
(Takahashi^ T et al 2000, J. ImmimoL 164:4458) were found to be immunostimulatory. 
Our e?q>eriments, dem<»istrated that these ODNs can stimulate B cells, although at higher 
concentrations compared to CpG ODNs (Fig. 6). A long Poly T ODN (30mer) induced, 
23 at least in some experimrats, comparable strong activation of B cells to one of the 
strongest CpG ODN activators of B cells. These e9q>erimmts also revealed the 
surprismg finding that even Poly C ODNs can lead to stimulation of B cells. 

Immunostimulation by these ODNs, however, was not limited to human B cells. 
Different experimental assays clearly dmionstrated in addition that monocytes, NK cells 
30 and even NKT cells can be activated by sudi non-CpQ ODNs (Pig. 7-10). In contrast 
to Poly T and Poly C sequ^ices, immuiK)stimulation by Poly A sequences (at least for 
monocytes, B and NK cells) was not achieved. Interestingly it was found that the 
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intiodiiction of a CpO motif into SEQ ID NO,; 225 enhanced the immimDStimulatoiy 
activi^ whereas the elongafion with a Poly T stietdi did not enhance 
immunostimiilalion* This suggests that CpG and T*rich ODN may operate through 
difierent medianisms or pathways. It is also possible ^t insertion of a poly-T motif 
3 mto a different position of SBQ ID NO,; 225 nmy result in a change in 
immunostimidatory properties. 

A "TG nucleic add** or a "TO immunostimulatory nucleic acid" as used herein is 
a nucleic acid containing at least one TpG dinucleotide Ctbymidine-guanine dinucleotide 
sequence, i.e. "TO DNA" or DNA containing a 5' thymidine followed by 3' gxjanosine 
10 and Unked by a phosphate bond) and activates a component of die immune system. 

In one embodiment the invration provides a TG nucleic acid represmted by at 
least the fomiula: 

S'NjXiTGXjNiSV 

wherein Xi and X2 are nucleotides and N is any nucleotide and Ni and Nz are 
15 nucleic add sequences composed of any numb^ of N provided that the sum total of Ni 
and N2 is in the range of 1 1 to 21 . As an »ample» if Ni is S. then N2 may be 6 (leading 
to a total length for Ihe oligonucleotide of IS nucleotides). The TG may be located 
anywhere within the oligonucleotide stretdip includmg the 5' end, the center and the 3 ' 
esnd. Thus, Ni may be zero through to 21, inclusive, provided ftat Nz is appropriately 
20 chosm to give a sum of N2 and Ni equal to 1 1 through to 21, inclustve. Similarly, N2 
may be 2m> through to 2U inchisive, provided that the sum total of N] andMi eqxials 11 
to lit inclusive. In some ^bodiments Xi is adenine, guanine, or thymidine and X2 is 
cytosine, adenine, or thymidine. In one preferred embodiment, X2 is thymidine. In other 
embodim^rts Xi is cytosine and/or X2 (s guanine. In other embodiments, as discussed 
25 herein, the nucleic acid may ^acompass other motifii, provided it is long enough to do so. 

In other embodiments the TG nucleic acid is represented by at least the fi>rmxila: 

5'N|XiX2TQX3X4N23' 
wfaerdn Xj, X2, X3, and X4 are nucleotides. In some embodiments, X1X2 are 
nucleotides selected fifom the group consisting of: GpT, GpG» GpA, ApA^ ApT^ ApG» 
30 CpT, CpA, TpA and TpT; and X3X4 are nucleotidea selected fiom the group consisting 
of: TpT, CpT, ApT. ApG, TpC, ApC, CpC. TpA, ApA, and CpA; N is any nucleotide 
and Ni and N2 are nucleic acid sequences composed of any numba: of nucleotides 
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provide that ttie sum total of N| and N2 is in range of 9 to 19. In some embodimeiits, 

are GpA or QpT and X3X4 are TpT. In other embodiments X] or X2 or both are 
purines and X3 or X4 or both are pyiiraidines or X1X2 are QpA and X3 or X4 or both are 
pyrimidines. In one prefeired embodiment, X3X4 are nucleotides selected ih)mtte 
5 ex^xtp consisting of: Tp% TpC and TpA. 

The immunostimulatoiy nucidc acid may be any size (i.e., length) provided it 1$ 
at least 4 nucleotides. In important embodiments^ the immunostimulatory nucleic acids 
have a length in the range of between 6 and 100. In still other wnbodiments, tiie length 
is in the range of between 8 and 35 nucleotides. Preferably, the TG oligonucleotides 

10 range in size fix>m 15 to 25 nucleotides. 

Th& size (i.e., the number of nucleotide residues along the length of the nudetc 
acid) of the immunostimulatoiy nucleic acid may also contribute to the stimiilatoiy 
activity of the nucl^c acid. It has been discovered, surprisingly that even for highly 
immmie stimulating imrnimostimulatory nudeic acid 

IS bifiuences tte extent of immunosdmulation that can be adneved. It has been 

demonstrated that increasing the length of a T-rich nucidc acid up to 24 nucleotides 
causes increased unmune stimulation. The experiments presented in the examples 
demonstrate that when the length of the T-ridi nudeic acid is increased fi;om 1 8 to 27 
nucleotides the ability of the nucidc edd to stimulate an immune response is increased 

20 significanlly (compare ODN #2194, 2183> 2195, and 2196 decreasing in size fcom 27-18 
nucleotides). Increasing die lei^th of the nucidc acid up to 30 nudeotides had a 
dramatic impact on die biological properties of the nucleic acid but increasing the length 
beyond 30 nucleotides did not appear to furth^ mflu^ce the immune stimulatory effect 
(e.g., compare ODN 2179 to 2006). 

2S It has be^ shown diat TO nucleic adds ranging in length from 15 to 25 

nucleotides in length may exhibit an increased immune stimulation. Thus, in one aspect, 
the invention provides an oligonudeotide that is 15-27 nudeotides in length (Le.« an 
oligonucleotide that is I5» 16> 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27 nucleotides m 
length) that may be a T-rich nuddc acid or may be a TO nucleic acid, or may be both a 

30 T-rich and a TO nucleic add. In one embodiment, the oligonudeotide is not a T-rich 
nucleic add nor is it a TO nuddc acid. In other embodiments, the oligonudeotide does 
not have a CO motif The invradon shnilarly provides oUgonudeotides diat are 15*27 
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mxleotida in lo^gtfa, oligonucleotides that aie 18-25 nucleotides in length, 
oligonucleotideg that aie 20*23 nucleotides in lengthy and oligonudeotides that ate 23- 
2S nucleotides in length. Any of the foregoing embodiments relating to oligonucleotides 
1 S-27 in length also relate to the oligonucleotides of these dififering Iwgths. The 
S inv»ition flirlher embraces the use of any of these foiegoing oligc»iucleotides in the 
mettiods reched herein. 

Although a maximal level of immune stimulation is achieved with some T-rich 
nucleic acids when the nucleic acid is 24-30 nucleotide residue in length, as well as with 
some TQ nucleic acids that range fix^m 1 5 to 2S nucleotides in length, shorter or longer 

10 immunostimulatory nucleic acids can also be used according to the methods of the 

invraition. For facilitating uptake into cells immunostimulatory nucldc acids preferably 
have a minimum length of 6 nucleotide residues. Nucleic adds of any size greater than 6 
nucleotides (even many kb long) are c^)able of inducing an Immune response accardii^ 
to the invention if sufficient immunostimulatory motifs are present^ since larger nudeic 

15 acids are degraded inside of cdls. Preferably the immunostimuktory nucleic acids are in 
the range of between 8 and 100 and in some ^bodiments T-rich containing 
inununostimutetory nucleic acids are between 24 and 40 nucleotides in length and TG 
containing immunostimulatory nucleic adds are between IS and 25 nucleotides in 
length. 

20 In one embodiment the T-rich nucleic acid is r^resented by at least the formula: 

5'XiX2TnTX3X43' 
\^erein Xu X2>X3, and X4 are nucleotides. In one embodiment XjXi is TT 
and/or X3X4 is TT. In another embodim^t X|Xa are any one of the following nucleotides 
TA, TG, TC. AT, AA, AG, AC, CT, CC, CA, GT, GO, GA, and GC; and X3X4 are any 
25 one of the following nucleotides TA, TO, TC, AT, AA, AG, AC, CT, CC, CA, GT, GG, 
GA,attdGC, 

In some wibodiments it is preferred that &e immunostimulatory nucleic acids do 
not contain poly-C (CCCC), or poly-A (AAAA)« In other ^bodiments it is preferred 
that the immunostimulatory nucldc acid include poly-C, poly-A, poly-G (GGGG) or 
30 multiple GGs. In particular poly-G or multiple GO motifs have dramatic effects on some 
inmninostimulatory nucleic acids. The e£fect of these non-T sequences depends in part 
on the status of the nucleic acid badcbone. For instance, if the nucldc add has a 
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phosphodiester backbone or a chimeric backbone the inclusion of fhe$e sequences in the 
nucleic add will only have minimal if any efifect oa the bioic^ical activity of the nudeic 
acid. If the backbone is completdy phosphorothioate (or other phosphate modification) 
or significantly phosphoiothioate then the inclusion of these sequences may have more 
5 influence on the biological activity or the kinetics of the biological activity^ causing a 
decrease in potency of the T-rich and TG immunostimulatoiy nucleic acids. 

Although C-rich nucleic acids have been demonstrated to have immune 
stimulating properties, insertion of Poly-C sequences into a T-rich nucleic acid in a 
manner that would reduce the relative proportion of T niK^lectides in the nucleic acid can 

10 have a negative unpact on the nucleic acid. Although ^licants are not bound by a 
proposed mechanism, it i& believed that the immune system lias developed a mechanism 
for distinguishing nucleic acids having different nucleotide iHX>perties, possibly resulting 
firom diSi»:ent sets of binding proteins vMch recognize different sequences or ^^edfic 
bindmg proteins vAdch recognize all the immunostimulatory sequmces but with different 

IS afiSnities. In general nucleic acids including unmethylated CpO motifs are the most 
immunostimulatoiy, followed by T-rich nucleic acids, TO nucleic adds and C-rioh 
nucleic adds* This generalization, however, has many exceptions For instance a strong 
T-rich nucleic add like SEQ ID NO.: 866 is more immune stimulatory in some assays 
than some CpO containing nucleic acids (e.g., a phosphorotiiioate CpG nudeic add 

20 containing a single CpG motif). 

It has also been dis^ov^red that the addition of a poly-A tail to an 
immunostimulatory nuddc add can enhance the activity of the nucldc add. It was 
discovered that wiien a highly immune stimulatory CpG nucteic acid (SEQ ID NO.: 246) 
was modified with the addition of a poly-A tail (AAAAAA) or a poly-T tail (TTTTTT), 

25 the resultant oligonudeotides mct^sed in immune stimulatory activity. The ability of 
die poly- A tail and the poly-T tail to increase the immuoostimdBting properties of the 
oligonucleotide was very similar. SBQ ID NO.: 246 is a T-rich oligonucleotide. It is 
likdy that if poly-A and poly-T tails are added to a nuddc add which is not T-rich, it 
would have a bigger impact on the immune stimulating capability of the nudeic acid 

30 Since the poly-T tail was added to a nucleic add that was already hi^ly T-ridi the 
hnmune stimulating properties of the poly-T addition was diluted somewhat, although 
not completdy. This finding has important implications for the use of poly-A regions. 
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Thus in some embodimttitB the iromunostimulatoiy mideic adds include a poly-A 
region and in other embodiments they do not 

Some of fbe immunostimiilatory nucldc acids of the invention include one or 
mote CQ mc&!b. Ihe presence of CG motifs in the immunostimulatory nucleic acids 
5 also has an mfluenoe on the biological activity of the nucleic acids. If the total length of 
an immunostimulatory nucleic acid i^ 20 nucleotide residues or less, then CpG motifs are 
important in determining the immune effect of the nudeic acid, and methy lation of ttiese 
motifs reduces the potency of the immune stimulatory effects of the nucleic acid. If the 
length of tte immmK>stimulafory nucleic acid is increased to 24, th^ the immune 
10 stimulatory effects of the nucldc add become less dependent on the CpG motifs^ and are 
no longer abolished by methylation of the CpG motifs or by didr inversion to GC 
dinucleotides» provided die o^ immune-sdmulatoiy pn^ierties described h^ein are 
present 

For example, ODN 2006 (SEQ ID NO:246) is a highly immune sdmulatory T* 

15 rich nuddc acid of 24 nucleotide residues in length with four CpG dinudeotides. 

Hov^ver, ODN 2117 (SEQ ID KO:3S8), in whidi the CpG motife are methylated is also 
highly hnmune stinmlatory. ODN 2137 (SEQ ID NO:886X in which the CpG moti& of 
ODN 2006 are inverted to GpC, and ^ich as a result possesses six TG dinucleotides is 
also immime stimulatory. The immune stimulatory effects of nucleic adds such as ODN 

20 2117 and 2137 are regulated by their T and TG content Bach of these three nudeic 
adds is T-rich and ODN 21 37 is additionally TG rich. If their T content is reduced by 
insMting other bases such as A (ODN 2117 (SEQ ID NO:358)) or if thdr TG content is 
reduced by substituting TG with AG, then the immune sthnulatory effects are somewhat 
redv»ed. In another example, a nudeic add 24 nucleotides in length in which all of the 

23 positions are randomized has only a modest immune stimulatory effect (ODN 21 82 
(SEQ ID NO:432)), Likewise, a nudeic add 24 nucleotides in length widi other, 
nucleotide compositions have variable immune stimulatoiy effects^ depending on thdr T 
content (ODN 2188 (SEQ ID NO:905X 2189 (SBQ ID NO:906), 2190 (SEQ ID 
NO:907), 2191 (SEQ ID NO:908). 2193 (SEQ IDNO:910), 2183 (SEQ ID NO:433), and 

30 2178 (SEQ ID NO:428)). ODN 21 90 v^ch contains TGT motifs is more immune 

stimulatory than ODN 2202 which possesses TOG motifi. Thus, m some embodiments, 
TGT motift are prefenrcd. In still other embodiments^ the number of TG motifs is 
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impoitant in that an increase in His number of TG motifs leads to an increase in immune 
stimulation. Some preferred TG nuddc adds contain at least Ifaree TO motifs. 

Examples of CpO nuclnc adds include but are not limited to those listed in Table 
A, suchas SEQ ID NO: 1.3, 4, 14-16, 18-24, 28, 29, 33-46, 49, 50, 52-56. 58, 64-67, 69, 
S 71, 72, 76-87, 90, 91, 93, 94, 96, 98, 102-124, 126-128, 131-133, 136-141, 146-150, 
152-153, 155-171, 173-178, 180-186, 188-198, 201, 203-214, 216-220, 223, 224, 227- 
240, 242-256, 258, 260-265, 270-273, 275, 277-281. 286-287, 292, 295-296, 300, 302, 
305-307, 309-312, 314-317, 320-327, 329, 335, 337-341, 343-352, 354, 357, 361-365, 
367-369, 373-376, 378-385, 388-392, 394, 395, 399, 401-404, 406-426, 429-433, 434- 

10 437, 439. 441-443, 445, 447, 448, 450, 453-456, 460-464, 466-469, 472-475, 477, 478, 
480, 483-485, 488, 489, 492, 493, 495-502, 504-505, 507-509, 51 1, 513-529, 532-541, 
543-555, 564-566, 568-576, 578, 580, 599, 601-605, 607-61 1, 613-615. 617. 619-622. 
625-646, 648-650, 653-664, 666-697, 699-706, 708, 709, 71 1-716. 718-732. 736, 737. 
739-744. 746, 747, 749-761, 763, 766-767, 769, 772-779. 781-783. 785-786, 7900792, 

IS 798-799, 804-808. 810, 815, 817, 818, 820-832, 835-846. 849-850, 855-859. 862, 865, 
872, 874-877, 879-881, 883-885, 888-904, and 909-913. 

In soone embodiments of the invention the immunostimulatoiy nucleic acids 
include CpG dinudeotides and in other embodiments the immunostimulatory nudeic 
acids AiG fircc of CpO dinuclcotidds. Hie CpQ ditiudeolides may be nie1fayl8.ted or 

20 unmethylated. A nudeic acid containing at least one unmeUiylatcd CpG dinuoleotide is 
a nucleic acid molecule which contains an unmethylatcd cytosine-guanine dinucleotide 
sequence (i,e, "CpQ DNA'* or DNA containing an unmethylaled 5' cytosine followed by 
3' guanosine and linked by a phosphate bond) and activates the immune system, A 
nucleic acid containing at least one methylated CpO dinucleotide is a nucidc acid which 

25 contains a methylated cytosine-guanine dinucleotide sequence (i.e., a meAylated S * 
cytosine followed by a 3' guanosine and linked by a ^osphate bond). 

Examples of T tkh nucleic acids that are free of CpO nucleic acids include but 
m not limited to those listed in Table A, such as SEQ ID NO: 59^63. 73-75, 142, 215, 
226, 241, 267-269, 282, 301, 304, 330, 342, 358. 370-372, 393, 433, 471, 479, 486, 491, 

30 497, 503, 556-558, 567, 694, 793-794, 797, 833, 852, 861, 867, 868, 882, 886, 905, 907, 
908, and 910-913, Examples of T rich nucleic acids that include CpO nucleic acids 
bidude but are not Umited to those listed in Table A, such as SEQ ID NO: 64» 98, 1 12, 
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146, 185, 204. 208, 214, 224, 233, 244, 246, 247, 258, 262, 263, 265, 270-273, 300, 305, 
316, 317, 343, 344, 350, 352, 354, 374, 376, 392, 407, 41 M13, 429432, 434, 435, 443, 
474, 475, 498-501, 518, 687, 692, 693, 804, 862, 883, 884, 888, 890, and 891. 

The immunostimiilatoiy nucl^c acids can be double-stranded or single-stranded. 
S Generally, double-stxanded molecules are more stable in Wvo, \riiile single-stranded 
molecules have increased immune activity. Thus in some aspects of the invention it is 
pie&ned that the nucleic acid be single stranded and in other aspects it i& prefeired that 
the nucleic acid be double stranded. 

The term T-rich nucleic acid and TO nucleic acid, as used herdn, refers to an 

10 immiuiostimulatoiy T-rich nucleic add and an immunostimulatory TG nucleic acid, 
respectively^ unless otherwise indicated The T-rich nucleic acid sequences of the 
invention are those broadly described above a$ well as the nucleic acids shown in Table 
A 4iat have at least one poly T motif and/or have a composition of greater than 25% T 
or preferably 35% nucleotide residues. The C-ridi nucleic adds are those having at least 

15 one and preferably at least two poly-C regions. The TG nucleic acids of the invention 
are ttiose bmully described above as well as the specific nucleic adds shown in Table A 
that have at least one TG motif. 

The nucleic adkb of the invmtion may^ but need not, also include a poly G motif. 
Poly G containing nucldc acids are also immunostimulatory. A variety of references^ 

20 including Pisetsky and Reich, 1993 MoL Biol Reports, 18:217-221 ; Krieger and Herz, 
1994, Am. Rev. Biochem., 63:601-637; Macaya et al^ 1993, PNAS, 90:3745-3749; 
Wyatt et al., 1994, PNAS, 91:1356-1360; Rando and Hogan, 1998, In Applied Antisense 
Oligonucleotide Technology, ed. Krieg and Stein, p, 335-352; and Kimum et al., 1994, /. 
Biochem. 1 16, 991-994 also describe the hnmunostimulatory properties of poly O 

25 nucleic acids. 

Poly G nucleic acids pre&r&bly are nucleic adds having the following &rmulas: 

5^X1X2000X3X43' 

^^erem X] . X2, X3, and X4 are nucleotides. In preferred embodiments at least one of X5 
andX4areaG. Inotfa^embodimratsbothofX3andX4areaG. Inyeto^r 
30 embodunents &e preferred formula is S' GGONOGQ 3', or 5* QGGNGGGNGGO 3' 
wherem N n^sents between 0 and 20 nucleotides. In other embodim^a the poly 0 
nucleic acid is free of mmiethylated CG dinucleotides> such as, for exan4>le, the nucleic 
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acids Ustcd below as SEQ ID NO: 5. 6» 73, 21 5, 267-269, 276. 282, 288, 297^299, 355, 
359. 386, 387, 444, 476, 531, 557-559, 733, 768, 795, 796, 914-925, 92&-931, 933-936, 
and 938. In other embodiments the poly G nucleic acid includes at least one 
imme%lated CG dinucleotide, such as, for example, the nucleic acids listed above 
5 SEQ ID NO: 67, 80-82, 141, 147, 148, 173, 178, 183. 185, 214. 224, 264, 265, 315, 329, 
434, 435, 475, 519, 521-524, 526, 527, 535, 554, 565, 609, 628, 660, 661, 662, 725, 767, 
825. 856, 857, 876, 892, 909, 926, 927, 932, and 937. 

The terms "Nucleic acid'^ and "^oligonucleotide" are used interchangeably to mean 
multiple nucleotides (i.e. molecules comprising a sugar (e.g. ribo^ or deoxyribose) 

10 linked to a phosphate group and to an exchangeable organic base, which is eith^ a 
substituted pyrimidine (eg. cytosine (C), thymidine (!) or uracil (U)) or a substituted 
purine (e.g. adenine (A) or guanine (G)). As used hNcin, the terms refer to 
oligoribonucleotides as well as oligocteoxyrlbonucleotides. The terms shall also indude 
polynucleosides Q-Cl a polynucleotide minus the phosphate) and any other organic base 

15 ccMitaimDig polymer. Nucleic acid molecules can be obtaii^d fi^m existing nucleic acid 
sources (e.g., genomic or cDNA), but are preferably synthetic (e.g. produced by nucleic 
acid synthesis). 

The terms nucleic acid and oligonucleotide also encompass nucleic acids or 
oligonucleotides with substitutions or modifications, such as in the bases and/or sugars. 

20 For examine, they include nucleic acids having backbone sugars which are covalently 
attached to low molecular weight organic groi^)s other than a hydioxyl groiip at the 3' 
position and other than a phosphate group at the 5' positioa Thus modified nucleic adds 
may include a 2*-0-alkylated ribose group. In addition, modified nucleic acids may 
include sugars such as araUnose instead of ribosc. Thus the nucleic acids may be 

25 het^geneous in backbone composition thereby contwiing any possible combination of 
polymer units linked together such as peptide- nucleic acids (which have ammo acid 
backbone witii nucleic add bases). In some embodiments, the nucleic acids are 
homogeneous in bacid^one compositioa Nuddc acids also indude substituted purines 
and pyrimidines such as C-5 propyne mocfified bases (Wagn^ et al.. Nature 

30 Btotechnology 14:840- 844, 1996). Purines and pyrimidines bdude but are not limited 
to adenine, cytosine* guanine, tfaymidhie, 5-methylcytosine, 2-aminopurine, 
2^^ino-6-dilor(^urine, 2,6-diaminopurine, hypoxanthine, and other natuially and 



2/14/05, EAST Version: 2.0.1.4 



wo 01722972 



-35- 

non-nafurally occuning nucleobases^ substituted and unsubstituted aromatic moieties. 
Other such modifications aie well known to those of skill in the art 

For use in the instant invention, the nucleic adds of the inv^on c:aii be 
synthesized mvo using any of a number of procedures well known in tiie ait For 
5 example^ the b-c)ranoethyl phosphoramidite method (Beaucage, S*L.» and Carutfam, 
M.H., Tet, Let 22:1859, 1981); nucleoside H-phosphonate method (Garegg etaL, Tet 
Let 27:4051-4054, 1986; -pioQlA^etal.Nucl Acid Res, 14:5399-5407, 1986, ; Gategg 
etal., Tet Let 27:4055-4058, 1986, Gafi&iey etaL, Tet Let 29:2619-2622, 1988). 
These chemistries can be performed by a variety of automated nucleic add synthesizers 

10 available in the market These nucleic acids are referred to as synthetic nucleic acids. 
AHematively, T-ri^ and/or TG dinucleotides can be produced on a large scale in 
plasmids» (see Sambrook, T., et d. , **Molecular Cloning: A Laboratory Manual'', Cold 
Sprii^ Harbor laboratory Press, New York, 1989) and separated into smaller pieces or 
administ^ed whole. Nucleic acids can be prepared from exbting nucleic acid sequences 
(fi-S > gMomic or cDNA) using known tedmiques, such as those employing restriction 
enzymes, exonucleases or endonucleases. Nucleic acids prepared in this manner are 
referred to as isolated nucleic acid. An isolated nucleic acid generally refers to a nucleic 
acid whidi is separated from components which it is normally associated with in nature. 
As an example^ an isolated nucleic acid may be onq which is separated from a cell, from 

20 a nucleus, from mitochondria or from chromatin. The terms Py-rich nucleic adds and 
TG nucleic acids encompasses both synthetic and isolated Py-rich nucleic acids and TG 
nucleic acids. 

For use Ux vivo, the Py-rich and TG nucleic acids may optionally be relatively 
resistant to degradation (e.g., ate stabilized), A "stabilize nucleic acid molecule'' shall 

25 mean a nucleic acid molecule that is rd^vely resistant to in vivo degradation (e.g, via an 
exo» or endo*nuclease)* Stabilization can be a function of length or secondary structure. 
Nucleic acids that are tens to hundreds of kbs long are relatively resistant to tn vivo 
degradation. For shorter nucleic adds, secondary structure can stabilize and increase 
their effect For example, if the 3' end of an nudeic acid has sdf-complementarity to an 

30 upstream region^ so that it can fold back and fonn a sort of stem loop structure, then the 
nudeic add becomes stabilized and therefore exhibits more activity. 
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Altemativelyp nucleic acid stabilization can be accompiished via phosphate 
backbone modifications. Preferred stabilized nucleic acids of the instant invention have 
a modified backbone. It has been demonstrated that modification of the nucleic acid 
backbone provides enhanced activity of the Py-nch and TO nucleic acids vAi&i 
S administo^ fff vlv9« These ^abilized structures arc pr^erred because the Py^'rich and 
TG molecules of the inv«ition have at least a partial modified backbone. Py-rich and 
TG constructs having phosphorothioaf e linkages provide maxinial activity and protect 
the nucleic acid from degradation by intracellular exo- and endo-nucleases* Oth^ 
modified nucleic acids include phosphodiester modified nucldc acids, combinations of 

10 phosphodiester and phosphorotbioate nucleic add, methylphosphonate, 

methylphosphorothioat^ phospboiodidiioate, p-^oxy, and combinations thereof Each 
of these combinations and their particular effects on immune cells is discussed in more 
detail with respect to CpO nucleic acids in PCT Published Patent A{iplications 
PCT/US95/01570 (WO 96/02555) and PCT/US97/19791 (WO 98/18810) olaimmg 

15 priority to U.S. Serial Nos. 08/386^063 and 08/960»774» filed on February 7, 199S and 
October 30, 1997 re^edively, the entire contmts of which are hereby incorporated by 
refermce. It is believed that these modified nucleic acids may show more stimulatory 
activity due to enhanced nuclease resistance* incs'eased cellular uptake, increased protein 
bindings and/or altered intracellular localization. 

20 The compositions ofihs invention may optionally be chimeric oligonucleotides. 

The chimeric oligonucleotides are oligonucleotides having a foraiula: 5' Y1N1ZN2Y2 3\ 
Yi and Y^ are nuclttc add molecules having between 1 and 10 nucleotides, Yj and Y2 
each include at least one modified int^nucleotide linkage. Since at least 2 nucleotides of 
the chimeric oligonucleotides include baddx>ne modifications these nucleic acids are an 

25 example of one ^e of ""stabilized immunostimulatory nuclrac acids.'' 

With respect to the chhneric oligonucleotides^ Yi and Y2 are considered 
mdependent of one anodic. This means that each of Yi and Y2 may or may hot have 
different sequences and different backbone linkages from one anther in the same 
molecule. The sequ^ices vary, but in some cases Yi and Y2 have a poly-G 5equ»ce. A 

30 poly-O sequence refers to at least 3 Os in a row. In other embodiments the poly-O 
sequence tt£ers to at least 4, 5, 6, 7, or 8 Gs in a row* In other embodiments Y3 and Y2 
may be TCGTCX3, TCGTCGT, or TCQTCOTT (SEQ ID NO:l 145), Yi and Y2 may also 
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have a poly-C, poly-Tp or poly-A aequenoe. In some onbodizn^its Yi and/or Y2 have 
between 3 and 8 nucleotides. 

N] and N2 are nucleic acid molecules having between 0 and S nucleotides as long 
as NiZN2 has at least 6 nucleotides in total Tht nucleotides of NiZN^have a 
5 phosphodlester backbone and do not include nuddc acids having a modified backbone. 

Z is an immunostimulatory nucleic acid motif bizt does not uiclude a CG. For 
instance* Z may be a nucleic acid a T-rich sequence, e,g, including a TTTT motif or a 
sequence wherein at least 50% of the bases of the sequence are Is 01 Z be a TG 
sequmce. 

10 The center nucleotides (NiZNi) of the formula Y1N1ZN2Y2 have phosphodiester 

inteimicleotide linkages ar»l Yi and Y^have at least one, but may have more than one or 
evi^ may have all modified intemucleotide linkages. In preferred embodiments Yi 
and/or Y2 have at least two or between two and five modified intemucleotide linkages or 
Yi has two modified intemucleotidB linkages and Y2 has five modified intemucleotide 

IS linkages or Yi has five modified intemucleotide linkages and Y2 has two modified 

intemucleotide linkages. The modified intemucleotide linkage^ in some embodimrats Is 
a i^^horothioate modified linkage, aphosphorodithioate modified linkage or a p- 
etboxy modified linkage. 

Modified backbones such as phosphorotMoates may be synthesized using 

20 automated techniques employing either phosphoramidate or H-phosphonate chemistries. 
Aryl-and alkyUphospl^nates can be made, e.g., as described in U.S. Patent No. 
4,469,863; and alkylphosphotriesters (in which the charged oxygen moiety is alkylated 
as described in U.S. Patent No. 5,023^243 and European Patent No, 092^574) can be 
prepared by automated solid phase synthesis using comm^ially available reagents. 

25 Methods for making other DNA backbone modifications and substitutions have been 
described (Uhlmann, E. and Peyman, A., Chern Rev, 2Q:544, 1990; Goodchild, L, 
Bioconjugate Ckem. 1:165. 1990), 

Other stabilized nucleic acids include: nonionic DNA analogs, such as alkyl- and 
aryl-(di08phate8 Qn whidi the charged phosphonate oxy^ is replaced by an alkyl or 

30 aryl grotq)), phosphodiester and allQ^Iphosphotriesters^ In vAdch the charged oxygen 
moie^ is alkylated Nucleic acids which contain diol, such as tetraethyleneglycol or 
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hexaetliyleQeglycol, at eith^ or both tenniiii have also been sihown to be substantiaUy 

resistant nuclease degradation. 

In the case ^en tl^ Py-ridi or TO nucleic add is administered in conjunction 

^tii an antigen whi^ is encoded in a nuclric acid vector, it is preferred that the 
S backbone of the Py-rich or TG nucleic acid be a diimeric combination of phosphodiester 

and phosphorothioatc (or other phosphate modification). The cell may have a problem 

taking up a plasmid vector in the presmce of completely phosphorothioate nucleic add. 

Hius vAim both a vector and a nucleic acid are delivered to a subject, it is preferred that 

the nucleic add have a chimeric backbone or have a phosphorothioate badd>one but that 
10 the plasmid be associated with a vehicle that delivers it directly into tlie cell» thus 

avoiding the need for cellular uptake. Such vehides are known in the art and include, for 

example, liposomes and gene guns. 

The nucleic adds described herein as well as various control nucleic adds are 

presented below In Table A. 
IS Table A 



SEQ ID NO: 


OON SEQUENCE 


BACKBONE 


1 


tctcccagcgtgcgccat 


3 


2 


ataatccagcttgaaccsag 


$ 


3 


ataatcgacgttcaagcaag 


3 


4 


taccgcgtgcgaccctct 


3 


5 


ggggagggt 


S 


6 


ggggagggg 


B 


7 


ggtgaggtg 


3 


8 


tccatgtzgttcctgatgct 


O 


9 


get acctt ag zg tga 


O 


10 


tocatgazgttcctgatgct 


o 


IL 


tccstgacgttcztgatgct 


o 


12 


gctaga zgttagtgt 


o 


13 


agctccatggtgctcactg 


a 


14 


ccaogtcgaccctcaggcga 


8 


15 


gcacatcgt cccgcagccga 


a 


16 


gtcactcgtggtacctcga 


a 


17 


gttggatacaggccagactttgttg 


o 


IB 


gattcaacttgcgctcatcttaggc 


o 


19 


accatggacgaactgtttcccctc 


3 


20 


accatggacgagctgtttcccctc 


S 


21 


accatggacgacctgtttcccctc 


9 


22 
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B43 


ocacgt ggacct c tagc 


0 


B44 


tcagaccacgtggtcgggtgttcctga 




B45 


tcaggaacaaccgaooaogtggtctga 


0 


846 


catttccaogatttccoa 


0 


B47 


ttcctctctgcaagagact 


0 


B4B 


tgtatctctctgaaggact 


0 


B49 


a taaagcgaaactagcagcagt ttc 


0 


B50 


gaaactgctgctagtt^tcgctt'ba't 


o 


851 


tgccca adgsiggaaaa tt tgtt'tcatacag 


o 


852 


ct g1:a t gaaacaaatt 1 1 cctcttt gggca 


o 


B53 


1 1 aQ QQ^ t a Q CTCrt 1 5 a C7CT 1 1. 


ss 


854 


t cca tea Q cb t cetera ti crc t 


9& 


855 


aaaacatgacgttcaaaaaa 


6S 


dS6 


aaaacatigdcg^licgg^ggg 


SS 


857 • 


aooQca'toaoottcaocracra 

Tlsf v«j w w v\p>^'ky«;dsj%f ^^ 


SOS 


858 


ct aoQctcraco t catcaaoct aa t 


Q 


859 


t ct oaccrtca t ctcaccrtt OQC^ aacatct 




860 


crcaattacrtaatacatataaaaatt 


Q 


861 


tt taccttttataaacataactaaaacaaa 


Q 


862 


gcgtttttttttgcg 


3 


863 


atatctaatcaaaacattaaeaaa 




864 


tctatcccaacttcrerttcctattaa 


Q 


865 


btccataacattcctaatact 


Q 


866 


bt cca taaocttcotaatcfct 


Q 


867 


ttttttttttttt f 




868 


ttttttttttttt f 




869 


eta CTct tciat cia Qct caoccGTct a.o 


V 


870 


ttcacrttotcttcctcEettaDretaa 


o 


871 


tccatgagcttcctgagtct 




872 


ctagcggctgacgfccatcaatctag 


V 


873 


tgctagctgtgcctgtacct 


B 


874 


atgctaaaggacgt cacattgca 


Q 


875 


tgcaatgtgacgtcotttagcat 


o 


876 


gtaggggactttccgagctcgagatcctatg 


o 


877 


oa taggatctogagct cgga aag t cccct ac 


Q 


878 


c t G t ca0 aaac t a ca o a t aa era 




879 


cataacataggaatatttactcctcgc 


Q 


880 


ctccagctccaagaaaggacg 


Q 


881 


craacftttctcrotaacrtcttca 


Q 


882 


tgctgcttttgtgcttttgtgctt 




883 


tcgtcgttttgtggttttgtggtt 


s 


884 


tcgtcgtttgtogttttgtogtt 




885 


tcctgacgttcggcgcgcgccc 




886 


tgctgcttttgtgcttttgtgctt 




887 


t ccat gagct t cct gagctt 


s 


888 


tcgtcgtttcgtcgttttgacgtt 


s 


889 


t cgt cgt t tigrcg tgcgt 1 1 cgt eg 1 1 


3 


8 90 


tcgcgtgcgttttgtcgttttgacgtt 


a 


891 


ttcgtcgttttgtcgttttgtcgtt 


s 


892 


tcctgacggggaagt 


s 


893 


tcctggcgtggaagt 


d 
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994 


tcctggcggtgaagt 


s 


B95 


tcctggcgttgaagt 


s 


896 


tcctgacgtggaagt 


s 


S97 


- gcgacgttcggcgcgcgccc 


3 


996 


gcgacgggcggcgcgcgccc 


a 


399 


gcggcgtgcggcgcgcgcco 




900 


gcggcggtcggcgcgcgccc 


a 


301 


gcgacggtcggcgcgcgccc 


8 


902 


gcggcgttcggcgcgcgccc 


s 


903 


gcgacgtgcggcgcgcgcee 


& 


904 


tcgtcgctgkctccg 


S 


9G5 


tgtqggqgttttggttttgg 


9 


906 


^???9£^999?ciggggagggg 


s 


907 


tgtgtgtgtgtctgtgtgtgt 


a 


908 


e t ct ct cfcctctctct c t ct ct 


chimeric 


909 


ggggtcgacgtcgagggggg 


8 


9ao 


dtatatatatatatatatatat: 


G 


911 


ttttttttttttttttttttttttttt 


s 


912 


ttttttttttttttttttttt 


3 


913 


tttttttttttttttttt 


3 


914 


QCtaaaQQciQaaciQt 




915 


qctaqatgttaoggq 




916 


acataaaoaacaact 




917 


ataqaaactccaqqqaqctc 




918 


ato^act Ci:qqaQqqqqct c 




919 


atggaaggtccaaggggcto 




920 


canaaaaacFaqaccttQGali 




921 


gagaaggggggaccttccat 




922 


qaqaa qaqqccaqcactqat 




923 


'tccatgtggggcctgatgct 




924 


tcoatgaggggaotgatgct 




925 


tccatgtggggcctgctgat 




926 


a t gga ctctccggggttctc 




927 


atggaaggtccggggttctc 




928 


atgga ctctggaggggtctc 




923 


a tggaggct ccat ggggct c 




930 


atgga ctctggggggt tote 




931 


t ccatgtgggtgggga t get 




932 


t ccatgcgggt ggggatgct 




933 


tccatgggggtcctgatgct 




934 


t cca tggggt ccctga tgct 




933 


tccatggggtgcctgatgct 




936 


tecatggggttcctgatgct 




937 


tccatcgggggcctgatgct 




938 


gctagagggagtgt 




939 


tttttttttttttttttt 


3 


940 


gmggtcaacgttgagggraggg 


3 


941 


ggggagt tcgt tgaggggggg 


S 


942 


tcgtcgtttcc^cccccccc 


fi 


943 


ttggggggttttttttttttttttt 


3 


944 


tttciaattttaaaatttaaaata 


a 
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945 


ttggtttttttggtttttttttgg 


d 


946 


tttcccttttccccttttcccotc 


5 


947 


ggggtcatogatgagggggg s 


SOS 


946 


tccatgacgttcctgacgtt 




949 


tccatgacgttcotgacgtt 




950 J 


t cca t gacgt t cctgacgt t 




951 


tccatgacgttcctgacgtt 




952 


tccatgacgttcctgacgtt 




953 


tccatgacgttcctgacgtt 




954 


tccatgacgttcctgacgtt 




955 


tccatgacgttcctgacgtt 




956 


tccatgacgttcctgacgtt 




957 


tccatgacgttcctgacgtt 




958 


tccatgacgttcctgacgtt 




959 


gqgqgsicgatcqtQqqqgq 


BOB 


960 


gggggt cgt a cgacgggggg 


aoB 


961 


tttttttttttttttttttttttt 




962 


aaaaaaaaaaaaaaaaaaaaaaaa 




963 


cccccocccccccccccccccccc 


DO 


964 


tcgtcgttttgtcgttttgtcgtt 




965 


tcgtcgttttgtcgttttgtcgtt 




966 


tcgtcgttttgtcgttttgtcgtt 




967 


tcgtcgttttgtcgttttgtcgtt 




968 


ggggtcaacgttgagggggg 




969 


ggggtcaacgttgagggggg 




970 


ggggtcaagcttgagggggg 




971 


tgctgcttcccccccccccc 




972 


ggggacgtcgacgtgggggg 


9oa 


973 


ggggt cgtcgacgagggggg 


309 


974 


ggggtcgacgtacgtcgagggggg 


SOS 


975 


ggggaccggtaccggtgggggg 


SOS 


976 


gggtcg&cgtcgagggggg 


SG3 


977 


ggggt cgacgtcgaggggg 


SOS 


978 


ggggaacgttaacgttgggggg 


909 


979 


ggggt caccggtgagggggg 


SOS 


980 


ggggtcgttcgaacgagggggg 


SOS 


991 


ggggacgttcgaacgtgggggg 


SOS 


9B2 


tcaactttga 


9 


993 


tcaagcttga 


S 


9B4 


tcacgatcgtga 


3 


985 


tcagcatgctga 


3 


986 


gggggagcatgctggggggg 


303 


987 


gggggggggggggggggggg 


a 05 


. 9B8 


gggggacgat atogtcgggggg 


806 


989 


gggggacgacg tcgt cgggggg 


BOS 


990 


gggggacgagotcgtcgggggg 


SOS 


991 


ggggga cgt acgt cgggggg 


SOS 


992 


tcaacgtt 




993 


t ccataccggt cctgatgct 




994 


it ccataccggt cct a ccggt 


' 3 
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995 


gggggacgatcgttgggggg 


SOS 


996 


ggggaacgatcgtcgggggg 


SOS 


997 


ggg ggg acg ate gtc ggg ggg 


30S 


99B 


ggg gga cga teg teg ggg ggg 


SOS 


999 


aaa gac gtt aaa 


po 


1000 


aaagagcttaaa 


po 


1001 


aaagazgttaaa 


po 


1002 


aaattcggaaaa 


po 


1003 


gggggtcatcgatgagggggg 


aoa 


1004 


gggggtcaacg t tgagggggg 


SOS 


1005 


atgtagcttaataacaaagc 


po 


1006 


ggatcccttgagttacttct 


po 


10O7 


ccattccacttctgattacc 


po 


1008 


tatgtattatcatgtagata 


po 


1009 


agcotacgtattcacc5ctcc 


po 


IDIO 


ttcctgcaactactattgta 


po 


1011 


atagaaggccctacaccagt 


po 


1012 


fctacaccggtctatggaggt 


po 


1013 


ctaa ccagatcaagt ct agg 


po 


1014 


cctagacttgatctggttag 


po 


1015 


tataagootogtcogacatg 


po 


1016 


catgtcggaegaggottata 


po 


1017 


tggtggtggggagtaagctc 


po 


1018 


gagctactcccccaccacca 


po 


1019 


gccttcgatcttcgttggga 


po 


1020 


tggacttctetttgocgtct 


po 


1021 


atgctgtagcccagcgataa 


po 


1022 


accgaatcagcggaaagtga 


po 


1023 


t cca tga eg t t cc tgacgt t 




1024 


ggagaaacccatgagctcatctgg 




1025 


a ccaca ga ocagcaggcaga 




1026 


gagc^gtgaactgcgcgaaga 




1027 


tcggtaccottgoagcggtt 




1028 


ct ggagccctagccaaggat 




1029 


gcgactccatcaccagcgat 




1030 


cctgaagta agaa ccaga tgt 




1031 


ctgtgttatctgacatacacc 




1032 


aattagccttaggtgattggg 




1033 


aca tctggtt cttactt cagg 




1034 


ataagtcatattttgggaactac 




1035 


cccaatcaoctaaggctaatt 




1036 


ggggtcgtcgacgagggggg 


soa 


1037 


ggggtcgttcgaacgagggggg 


SOS 


loaa 


gggga cgttcgaacgtgggggg 


SOS 


1039 


t cct ggcgqggaagt 


a 


1040 


ggggaacgacgtcgttgggggg 


90S 


1041 


gggga acg tacgtcgggggg 


SOS 


1042 


ggggaacgtacgtacgttgggggg 


Goa 


1043 


gggg t caccggt gagggggg 


soa 
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1044 


ggggtcgacgtacgtcgagggggg 


SOS 


L045 


ggggaccggt a ccggtgggggg 


SOS 


1046 


gggtcgacgtcgagggggg 


SOS 


1047 


ggggtcgacgtcgagggg 


SOS 


104B 


ggggaacgttaacgttgggggg 


SOS 


1049 


ggggacgtcgacgtggggg 


eos 


1050 


gcactcttcgaagctacagccggcagcctctgat 




1051 


cggctcttccatgaggtotttgctaatcttgg 




1052 


cggc t c 1 1 cca t gaaagtct tt ggacga t g t gage 




1053 


tcctgcaggttaagt 


s 


1054 


gggggt eg tt cgt t gggggg 




1055 


gggggatgattgttgggggg 


SOS 


. 1056 


gggggazgatzgttgggggg 


SOS 


1057 


gggggagctagctt gggggg 


SOS 


1058 


ggttcttttggtccttgtct 


a 


1059 


ggttcttttggtcctcgtct 


a 


1060 


ggttcttttggtccttatct 


a 


1061 


ggttcttggtttccttgtct 


s 


1062 


t gg t ct t tt ggtoot t gt ot 


a 


1063 


ggt t caaat ggtcct t gt c t 


s 


1064 


gggtottttgggocttgtct 


a 


1065 


t ccaggact tct ct caggtttttt 


s 


1066 


tccaaaacttctctoaaatt 


a 


1067 


tactacttttatacttttatactt 


s 


loee 


tgtgtgtgtgtgtgtgtgtgtgtg 


a 


1Q69 


ttgttgttgttgtttgttgttgttg 


a 


1070 


ggctucggggagggaatttttgtctat 


a 


1Q71 


gggacgatcgtcggggggg 


acs 


1072 


gggtcgtcgacgaggggggg 


ao6 


1073 


ggtcgtcgacgaggggggg 


aos 


1074 


gggtcgtogtcgtggggggg 


SOS 


1075 


ggggacgatcgtcggggggg 


SOS 


1076 


ggggacgtcgtcgtgggggg 


SOS 


1077 


ggggtcgacgtcgacgtcgaggggggg 


SOS 


1078 


ggggaaccgcggttggggggg 


SOS 


1Q79 


gggga cgacgtcg tggggggg 


SOS 


1080 


tcgtcgtcgtcgtcgtggggggg 


SOS 


1081 


tcctgccggggaagt 


s 


1082 


tcctgcaggggaagt 


s 


1083 


tcct gaaggggaagt 


s 


1084 


tcctggcgggcaagt 


.8 


1085 


tcctggcgggtaagt 


s 


1086 


tcctggcgggaaagt 


s 


1087 


tccgggcggggaagt 


8 


108B 


tcggggcggggaagt 


s 


1089 


tcccggcggggaagt 


s 


1090 


gggggacgttggggg 


3 


1091 


ggggttttttttttgggggg 


SOS 


1221^ 


ggggcccccoccccgggggg 


SOS 
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1093 


ggggttgttgttgttgggggg 


Sos 


1094 


tttttttttttttttttttttttttttttt 




1095 


aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 




1096 


cccoccoooooccococccccccccccccc 




1097 


cgcgcgcgcgcgcgcgcgcgcgcgc^cgcg 





While CpO effects in mice are well characterized, infbnnatiQii regarding the 
human system is limited. C^G phosphorothioste oligonucleotides tvith strong stimuiatory 
activity in the mouse system show lower activity on human and oth^ non-rodent 
5 immune cells. In the examples the development of a potent human CpQ motif and the 
diaiacterization of its effects and mechanisms of action on human primary B-cells is 
dcsaibed. DNA containing this CpO motif strongly stimulated primary human B-ccIls 
to prolifi^rate, to produce IL-6 and to »press inc»reased levels of CD86, CD4Q, CD54 and 
MHC n. It increased DNA hinding activity of the transcription factors NFkB and AF-1 , 

10 as well as phosphoiylation of the stress activated protein kinases JNK and p3S, and the 
transcription factor ATF-2. B-cell signaling pathways activated by CpO DNA were 
different from those activated by the B-cell receptor which activated BRK and a different 
isoform of JNK, but did not activate p3 8 and ATF'2. In general the data on CpG DNA- 
initiated signal transduction are consistent with those obtained in mice ^adk^ H.» et al. 

15 1998. EmboJ 17:6230, Yi A. K., and Krieg A. M. 1998. JInwtuwl 161:4493). 

The pref^MTBd non-rodent motif is 5 ' TCGTCGTT 3\ Base exchanges witiiin ±e 
most potMt 8mer CpG motif (5* TCGTCGTT 3') diminished file activity of the 
oligonucleotide. The thymidines at tiie 5* and the 3' position of tifciis motif were more 
important than the thymidine at the middle position. An adenine or guanosine at the 

20 middle position produced a decrease in the activity. 

Of note, our studies demonstrate that one human CpG motif witfiin a 
phosphodiester oligonucleotide (2080) is sufficient to produce the maximal effect, and 
that additioial CpG motifs (2059) did not further enhance die activity. The 
oligonucleotide with the 8raer motif 5' TCG TCG TT 3* (2080) containing two CpG 

25 dinucleotidcs showed the highest activity in the studies. Replacement of the bases 
flanking the two CpG dinucleotides (S' podtion^ middle position, 3' position) reduced 
the activity of this sequence. Both CpG dinuc^tides vnOdn the 8mer CpO motif were 
required for the optimal activity ^108, 2106). Cytidine methylation of the CpQ 
dinudeotides (209S) abolished the activity of 2080, while methylaticm of an unrelated 
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oytidme (2094) did not. The addition of two CpG motifs mto the sequence of 2080 
resulting in 2059 did not imfhsr increase Ihe activity of the jAo^hodiester 
oligonucleotide. The sequence of 2080 with a phosphoiothioate badcbone (2116) 
demonstrated less activity, suggesting that additional CpO motifs are pt^(tttei for a 
3 potent phosphoiothioate oligonudeotide. 

It has been discovered accorcUng to the invention that the immunoatimulatoiy 
nucleic acids have dramatic immune sthnulatoxy effects on human cells such as NK 
cells, B cells, and DCs in vitro. It has been demonstrated that that the in vitro assays 
used herein predict in vivo effectivraess as a vaccine adjuvant in non-rodent vertebrates 

1 0 (Exainple 12), suggestii^ diat imnumostimulatory nucleic adds are effective therapeutic 
^ents for human vacdnation, cancer immunotherapyj astfmia immunotherapy, general 
enhancement of immune junction, ^ihancement of hematopoietic recovray following 
radiation oc chemotherapy, and other immune modulatory applications. 

Thus the immunostimulatory nucleic adds are useful in some aspects of the 

13 invention as a prpphylacdc vaccine fx the treatment of a subject at risk of devdoping an 
hifection with an infectious organism or a cancer in wbidi a specific cancer antigen has 
been idraitified or an allergy or asthma where the allergen or predisposition to asthma is 
known. The immunostimulatoiy nucldc adds can also be given without tiie antigw or 
allergen for shorter term protection agamst infection, allergy or cancer, and in this case 

20 repeated doses will allow longer term protection. A subject at risk as used herein is a 
subject vfho has any risk of e^^osure to an infection causing pathogen or a cancer or an 
allergen or a risk of developing cancer. For instance, a subject at risk may be a subject 
who is planning to travel to an area where a particular type of infectious agent is found or 
it may be a subject v^o through lifestyle or medical procedures is exposed to bodily 

25 fluids which may contain infectious organisms or directly to the organism or even any 
subject living in an area where an infectious organism or an allien has been identified. 
Subjects at risk of developing infection also mclude general populations to whidi a 
medical agency recommends vaccination with a particular infectious organism antig^. 
If the antigra is an alleigea and the subject develops allergic responses to that particular 

30 antigm and the subject may be exposed to the antigen, i.e«p during pollen seasoDf then 
that subject is at risk of exposure to the antigen. A subject at risk of developiog an 
allergy to asthma indudes Aose subjects that have been identified as having an allorgy or 
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asthma but tiiat don't have the active disease during the immunostimulatary nucleic acid 
trealment as well as subjects that axe considered to be at risk of developing these diseases 
because of g^tic or enviranmmtal factors. 

A subject at risk of developing a cancer is one who is who has a high probability 
5 of devclopng cancer. These subjects include, for instance, subjects having a genetic 
abnormality, tiie presence of which has been demonstrated to have a correlative relation 
to a higher likelihood of developing a cancer and subjects exposed to cancer causing 
agents such as tobacco^ asbestos^ or other chemical toxins, or a subject who has 
previously been treated for cancer and is in apparent remission. When a subject at risk of 

] 0 developing a cancer is treated with an antigen specific for the type of cancer to which ttie 
subject is at risk of developmg and a immunostiniulatory nucleic add, the subject may be 
able to kill the canoer cells as they develop. If a tumor begms to form in &d subject, the 
subject will develop a specific immune response against the tumor antigen. 

In addition to the use of the immunostinnilatoiy nucleic adds for prophylactic 

1 s treatment, the invention also encoix^assea the use of the inununostlmulatoiy nucleic 
adds for fte treatment of a subject having an infection, an allergy, asthma^ or a cancer. 

A subject having an mfection is a subject that has been exposed to an infectious 
pathogen and has acute or chronic detectable levels of the pathogen m the bod|y. The 
immunostimulatory nucldc acids can be used with an antigen to mount an antigen 

20 specific sy st^c or mucosal immune response that is capable of redudng the level of or 
eradicatmg the infectious pathogen. An infectious disease^ as used herein, is a di^ase 
arising firom the presence of a foreign microorganism in the body. It is particularly 
important to develop effective vaccine strategies and treatments to protect the body^s 
mucosal surfaces^ which are the primary site of pathogenic entry. 

25 A su^ect having an allergy is a subject that has or is at risk of developing an 

allergic reaction in response to an allergen. An allergy refers to acquired 
hypersensitivity to a substance (allergen). Allergic conditions include but are not limited 
to eczema, allergic rhinitis or coiyza, hay fever, coi^ctivitis, brondual asthma^ 
urticaria Qiives) and food allergies, and o&er atopic conditions. 

30 Currently, allogic diseases are generally treated by the mjection of small doses of 

antigen followed by subsequent increasing dosa|^ of antigen. It is bdieved that this 
procedure induces tolerization to Ibe allergen to prevent further allergic reactions. These 
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methods, however, can take ^vcral years to be efiEective and are associated with the risk 
of side effects such as an^hylactic shock. The methods of the inventioii avoid ihose 
problems. 

Allergies are generally caused by IgE antibody generation against harmless 
5 allergens. The cytokines that are induced by systemic or mucosal administratian of 
immunostimulatory nucleic ackls are predominantly of a dass called Thl (examples are 
IL-12 and IFN-y) and these induce both humoral and cellular immune responses. The 
types of antibodies associated witfi a Thl response are genially more protective because 
they have high neutralization and opsonization capabilities. The other major type of 

1 0 inunune response, ^ch is associated with the producttoii of IL-5 and IL- 1 0 
qrtokines, is teimed a Th2 immune response. Th2 responses mvotve predominately 
antibodies and these have less protective effect against infection and some Th2 isotypes 
(&g.y 1^ are associated with allergy. In genial, it appears that allergic diseases are 
mediated by Th2 type immune responses while Thl re^onses provide &e best 

1 5 protection against infection, ahhough excessive Hil responses are associated with 
autoimmune disease. Based on the ability of the immunostimulatory nucleic adds to 
shift the unmune response in a subject from a Th2 (which is associated with production 
of IgE antibodies and allergy) to a Till response (which is protective against allergic 
reactions), an effective dose for inducing an imnmne response of a immunostimulatory 

20 nucleic add can be administered to a subject to treat or prevent an allergy. 

Thus, the immimostimulatOTy nucldc adds have significant therapeutic utility in 
the treatment of allergic and non-allergic conditions such as asthma. Th2 cytoldnes, 
espedally IL-4 and IL-S are elevated in the airways of asthmatic subjects^ These 
cytDkines promote important aspects of the asthmatic inflammatoiy response, induding 

25 IgE isotope switching, eosinophil chemotaxis and activation and mast cell growth. Thl 
cytokines, especially IFN-y ^ IL-12» can suppress the formation of Th2 clones and 
production of Th2 cytokines. Asthma refers to a disorder of tiie respimtory system 
characterized by inflanmiaticm, narrowing of fhe airways and increased reactivity of the 
airways to inhaled agents. Asthma is frequently, although not exclusively associated 

30 with atopic or allergic symptoms. 

A subgect having a cancer is a subject that has detectable cancerous cells. The 
cancer may be a malignant or non-malignant cancer. Cancers or tumors include but are 
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oot limited to biliary tract canc^, brain cancer; breast caoce^ cervical cancer; 
cboriocaxcinoma; colon cancer; endometrial cancer; esoph^eal cancer, gastric canctt'; 
intraqiitheliai neoplasms; lymphomas; Ilvct cancer; lung cancer (e.g. small cell and 
non-small cell); melanoma; neuroblastomas; oral cancer; ovarian cancer, pancreas 

S cancer; jmstale cancer, rectal cancer; sarcomas; skin cancer, testicular cancer; thyroid 
canc^; and renal canc^, as well as other carcinomas and sarcomas. In one embodiment 
the canc^* is hairy cell leukemia, chronic myelogenous leukemia^ cutaneous T-celi 
leukemia^ multiple myeloma, follicular lymphoma, malignant melanoma, squamous cell 
carcinoma, renal cell carcinoma, prostate carcinoma, bladd^ cell carcinoma, or colon 

10 carcinoma. 

A subject according to the invention is a non-rodent subject. A non-rodent 
subject shall mean a human or vertebrate ammal includmg but not limited to a dog, cat^ 
horse, cow, pig, sheep, goat» chicken^ primate, e.g., monkey, and fish (aquacutture 
species), e,g, salmon, but spedfically exdudiog rodents such as rats and mice. 

IS Thus, the invention can also be used to treat cancer and tumors in non human 

subjects. Cancer is one of tiie leading causes of death in companion animals Q.e., cats 
and dogs). Cancer usually strikes older animals whidi, in the cafi« of house pets> have 
become integrated into flie family. Forty-five % of dogs old^ than 10 years of age, are 
likely to succumb to the disease* The most common treatment options include sui^ery» 

30 chmotherapy and radiation therapy, Otiiers treatment modalities which have been used 
with some success are laser tiiwupy, cryother^y, hyp^hermia and immunotherapy. 
The choice of treatment dq)ends on ^pc of cancer and degree of dissemination. Unless 
the malignant growth is confmed to a discrete area in the body, it is difBcult to remove 
only malignant tissue without also affecting zioimal cells. 

2S Malignant disorders commonly diagnosed in dogs and cats include but are not 

limited to lyinphosaicoma, osteosarcoma, mammary tumors, mastocytoma, bram tumor, 
melanoma, adenosquamous carcinoma, carcinoid hmg tumor, bronchial gland tumor, 
bronchioiar adenocarcinoma, fibroma, myxochondroma, pulmonary sarcoma, 
neurosarcoma, osteoma, papilloma, retinoblastoma, Ewmg*s sarcoma, Wibn's tumor, 

30 Burldtt's lymphoma, microglioma, neuroblastoma, osteoclastoma, oral neoplasia, 

fibrosarcoma, osteosarcoma and rfaabdomyosarc<Mna. Other neoplasias in dogs include 
genital squamous cell carcinoma, transmissable venerai tumor, testicular tumor. 
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seminoma, Sertoli oeU tumor, heman^pericytoma, histiocytoma, chloioma 
(granulocytic sarcoma), corneal papilloma, corneal squamous cell cardnoma^ 
hdmangiosaicoma, pleural mesotheliomai basal cell tumor, thymoma, stomach tumor, 
adxCTal gland carcinoma, oral papillomatosis, hemangioendothelioma and cystadenoma. 
5 Additional malignancies diagnosed in cats include follicular lymi^oma, intestiiial 
lymphosarcoma, fibrosarcoma and pubnonary squamous cell carcinoma. The ferret, an 
6ver-more popular house pet is known to develop ]n5ulim>ma, lymphoma, sarcoma^ 
nwroma. pancreatic islet cell tumor, gastric MALT lymphoma and gastric 
adenocarcinoma. 

10 Neoplasias affecting agricultural livestock mclude leuk^a, 

h^nai^giopericytoma and bovine ocular neoplasia (in cattie)^ preputial fibrosarcoma, 
ulcmdve squamous cdl carcinoma, preputial carcinoma, connective tissue neoplasia 
and mastocytoma (in horses); h^atocellular cardnoma (in swine); lymphoma and 
pulmonary admomafo»s (in slieep); pulmonary sarcoma, lynq?honu)» Rous sarcoma, 

15 reticulendotiieiiosis, fibrosarcoma, nephroblastoma, B^cell lymphoma and lymphoid 
leukosis (in avian spedes); retinoblastoma, hq)atic neoplasia, lymphosarcoma 
(lymphoblastic lymphoma), plasmacytoid leukemia and swimbladder sarcoma (m fish), 
caseous lumphadenitis (CLA): chronic, infisctious, contagkus disease of sheep and goats 
caused by the bacterium Corynebacterium pseudotuberculosis, and contagious lung 

20 tumor of sheep caused by jaagsiekte. 

The subject is exposed to the ant^en. As used herein, the term exposed to refers 
to either the active step of contacting the subject with an antigen or the passive exposure 
of the subject to the antigen in vivo. Methods for the active e:q)03ure of a subject to an 
antigen are well-known in the art. In general, an antigen is administered directly to the 

25 subject by any means such as intravenous, intramuscular, oral, tranKi^rmal^ mucosal, 
intranasal^ intratracheal, or subcutaneous administration. The antigen can be 
adnunistezed systemically or locally. Methods for administering the antigen and the 
immunostimulatory nucleic acid are described in more detail below. A subject is 
passively exposed to an antigen if an antigen becomes available for exposure to the 

30 immune cells in tiie body. A subject may be passively exposed to an antigen, for 

instance, by entry of a foreign pathogen into fte body or by the devdopment of a tumor 
cell eiqnessing a foreign antigen on its surface. 
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The mefhods in wUch a subject is passively oq^osed to an antigen can be 
particularly dependent an timing of administration of the inmiimostimulatory nucleic 
acid. For instance* in a subject at risk of developing a cancer or an in&ctious disease or 
an dlergic or asthmatic response, die subject may be admimstered the 
5 immunostimulatory nucleic add on a regular basis when that risk is greatest, Le., during 
allergy season or after exposure to a cancer causing agent Additionally the 
inununostimulatmy nucleic acid may be administ^ed to travelers before they travel to 
foreign lands where they are at risk of exposure to infectious agrats. Likewise the 
immunostimulatory nucleic acid may be administered to soldim or civilians at risk of 

10 exposure to biowai&re to induce a systemic or mucosal irmnune re^onse to the antigen 
vAitn and if the subject is exposed to it 

An antigen as used herdn is a molecule capable of provoking an imimme 
re^onse. Antigens indude but are not limited to cells, cell extracts, proteins, 
polyp^tideSy peptides, polysaodiarides, polysaccharide conjugjates, peptide and non* 

15 p^tide mimics of polysaccharides and other molecules, small molecules, lipids, 

glycolipids, carbohydrates^ viruses and viral extracts and muticellular organisms such as 
parai^s and allergens. The term antigen broadly includes any type of molecule which is 
recogruzed by a host innmune system as being foreign. Ant^ens include but are not 
limited to cancer antigens, microbial antigens, and allergens. 

20 A cancer antigen as used herein is a compound, such as a peptide or protein, 

associated with a tumor or cancer cell surface and which is capable of provoking an 
immune response when expressed on the surface of an antigen ]»^enting ceil in the 
context of an MHC molecule. Cancer antigens can be prepared from cancer cells either 
by preparing crude extracts of cancer cells, for example^ as described in Ck^en, et al., 

2S 1 994, Cancer Research, 54: 10S5, by partially purling die antigens^ by recombinant 
technology, or by de novo synthesis of known antigens. Cancer antigens include but are 
not limited to antigrais that are recombinantly expressed, an immunogenic portion of, or 
a whole tumor or cancer. Such antigens can be isolated or prepared recombinantly or by 
any other means known in the art. 

30 A mu^obial antigen as used herein is an antigen of a mioroorganism and includes 

but is not limited to vims, bacteria, parasites, and fungi. Such antigens include the intact 
microorganism as well as natural isolates and fragments or derivatives thereof and also 
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syntfaetic compoiinds which are idmdcal to or similar to natural mi(»xK)rgaiiism antigens 
axid induce an immune response specific &r tiiat microorganism. A compound is similar 
to a natural microorganism antigen if it induces an inmiune response (humoral and/or 
cellular) to a natural microorganism anti^. Such antigens are used routinely in the art 
3 and are well known to those of ordinary skill in tfie art. 

Examples of viruses that have been found in humans include but are not limits 
to: Retroviridae (e.g« human immunodeiiciency viruses^ such as HTV-l (also referred to 
as HTLV-III, LAV or HTLV-III/LAV, or EDV-III; and other isolates, such as HIV-LP; 
Picomaviridae {e.g. polio viruses^ hepatitis A virus; Mteroviruses, human Coxsackie 

10 vmises» rbinoviruses» echovinises); Calciviridae (e.g. strains that cause gastroenteritis); 
Togavirtdae (e.g. equine encephalitis viruses, rubella viruses); Flaviridae (e.g. dengue 
viruses^ ^tcephalitis viruses^ yellow fever viruses); Coronoviridae (e.g. coiortaviruses); 
Jtkahdaviradae (e.g. vesicular stomatitis viruses, rabies viruses); Coronayiridae (e.g. 
coronaviruses); Rhabdovirldae (e»g. vesicular stomatitis viruses^ rabies viruses); 

15 FUovhidae (e.g. ebola druses); Paramyxoviridae (e.g. parainfluenza viruses^ mumps 
virus, measles virus, respiratory syncytial virus); Orthon^yxovtridae (e.g. influenza 
viruses); Bimgaviridae (e.g. Hantaan druses, bunga viruses, phleboviruses and Nabo 
vfaruses); Arena viridae (hemoniiagic fev^ viruses); Reoviridae (e.g. reoviruse^, 
orbiviurses and rotaviruses); Bimaviridae\ HepadnaviridoB (Hepatitis B virus); 

20 Parvovirida (parvoviruses); Pcpovaviridae (papilloma viruses, polyoma viruses); 

Adenoviridae (most adenoviruses); Herpesviridae (herpes sin^>lex virus (HSV) 1 and 2> 
varicella zoster virus, cytomegalovirus (CMV), herpes virus; Poxviridae (variola viruses, 
vaccinia viruses, pox viruses); and Iridoviridae (e,g, African swine f&ver virus); and 
unclassified viruses (e.g. the etiological agents of Spongiform en<^phalopathies, the 

25 agent of delta hepatitis (fliought to be a defective satellite of hq>atitis B virus), tiie agents 
of non-A, non-B hepatitis (class 1 ^ internally transmitted; class 2 = parenterally 
transmitted (i.e. Hepatids Q; Nonvalk and related viruses, and astroviruses). 

Both gram negative and gram positive bacteria serve as antigens in vertebrate 
animals. Such gram positive bacteria include, but are not limited to, Pasteurelia species, 

30 Suq>hylococci species, and Streptococcus ^ecies. Gram n^ative bacteria include, but 
are not limited to, Eschericim co/i, Pseudomonas species, and SalmoneUa species. 
Specific examples of infectious bacteria include but are not linuted to, Helicobacter 
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pyloris, Borelia burgdorferi^ Legionella pneumophilia, Mycoboctma sps (e.g. M. 
tuberculosis^ M avhm^ M. tntracellulare^ ML kansaii^ M, gord(mae% Staphylococcus 
aureus^ Neisseria gonorrhoeae. Neisseria m&ungitidis^ Listeria momcytogenes. 
Streptococcus pyogenes (Group A Str^tococcus), Streptococcus agaJactiae (Group B 
5 Streptococcus^ Streptococcus (viridans group), Streptococcus faecalis, Streptococcus 
bovis. Streptococcus (anaerobic sps.)> Streptococcus pneumoniae, pathogenic 
Campylobacter sp,^ Enterococcus sp., Haemophilus irfiuenzae^ Bacillus antracis, 
corynebacterium diphtheriae, corynelyacterium sp. , Erysipelothrix rhusiopathiae, 
Clostridium perfringerSf Clostridium^ tetania Enterobacter aerogenes^ Klebsiella 

10 pneumoniae, Pasturella multocidoy Bacteroides sp. , Fusobacterium nucleatum^ 

StreptobaciUus moniliformis^ Treponema pallidium^ Treponema pertenue^ Leptospira^ 
Rickettsia, ardActinon^ces israelii. 

B3camples of fuc^ inohide Cryptococcus neoformans^ Histoplasma c^psulatum^ 
Cocci(tioides immitis^ Blastomyces dermatiticBs, CHIan^dia trachomatis^ Candida 

IS albicans. 

Othor infectious organisms (i.e., protista) include Plasmodium spp, such as 
Plasmodium falciparum, Plasmodium malariae, Plastnodium ovale, and Plasmodium 
vivax and Toxoplasma gondii. Blood-bome and/or tissues parasites include Plasmodium 
spp., Babesia microti, Babesia diver gens, Leishmania tropica, Leishmama spp., 

20 Leishmama brasiliensiSj Leishmania donovanU Trypanosoma gambiense and 

Trypanosoma rhodesiense (African sleeping sickness), Trypanosoma cruzi (Chagas^ 
diseased and Toxoplasma gondii. 

Other medically relevant microorganisms have been described extensively in the 
literature, e.g., see C.G A Thomas, Medical Microbiology^ Bailliere Tindali^ Great 

2S Britain 19g3, the entire contents of which is hereby incorporated by reference. 

Although many of the microbial antigens described above relate to human 
disorders, the invention is also useflil for treating other nonhuman vertebrates. 
Nonhuman vertebrates are also capable of developing infections which can be prevented 
or treated with the Immunostimulatory nucleic acids disclosed hareio. For instance, in 

30 addition to the treatment of infectious human diseases, the methods of the invention are 
useful for treating infections of animals. 
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As used herdn, the term treat, tieated, or treating vAien used with respect to an 
infectious disease refits to a prophylactic treatment which increases the resistance of a 
subject (a sutrject at risk of infection) to infection with a pathogen or, in other words, 
decreases die Ukelihood that the subject will become in&cted with the palbogm as well 
5 as a treatment after the subject (a subject who has been infected) has become infected in 
ord^ to fight the infection, e.g.^ reduce or eliminate the infection or prevent it from 
becoming worse. 

Many vaccines for the treatment of non-human vertebrate are disclosed in 
Beraietf, K. Compendium ofVeterimry Products, 3rd ed. North American 

ID Compendiums, Inc., 1995. As discussed above, antigens include infectious microbes 
such as virus, parasite, bacteria and fungi and izagments thereof, derived fiom naturd 
sources or synthetically. Infectious viruses of botfi human and non-human votebrates, 
include letzoviruses, RNA viruses and DNA viruses. This group of retroviruses includes 
both sin4)lereCrovfaiises and complex retrovirus. The simple retroviruses include the 

35 subgrotq)s of B-type retroviruses, &type retroviruses and I>type An 
example of a B-type retrovirus is mouse mammary tumor virus (MMTV). The C-type 
retroviruses include subgroups C-type group A (including Rous sarc(»na virus (RSV\ 
avian leukemia virus (ALV), and avian myeloblastosis virus (AMV)) and C-type group 
B (including feline leuk^a virus (FeLV), gibbon ape leukemia virus (OALV), spleen 

20 necrosis virus (SNV), reticuloendotheliosis virus (RV) and simian sarcoma virus (SSV)). 
The D-type retroviruses include Mason-Pfizer monkey virus (MPMV) and simian 
retrovirus type 1 (SRV-1). The complex retrovirusres include the subgroups of 
lentiviruses, T-ceil leukemia viruses and the foamy viruses. Lentiviruses include HIV-1, 
but also include SIV, Visna virus^ feline immunodeficiency virus (FTV), and 

25 equine infectious anemia virus ^AV). The T-cell leukemia viruses include HTLV-1 , 
HH/V-II^ simian T-cell leukemia virus (STLVX and bovine leukemia virus (BLV). The 
fecuny viruses include human foamy virus (HFV), simian foamy virus (SFV) and bovine 
foamy virus (BFV). 

Examples of otiier RNA viruses that are antigens in vertebrate animals include, 
30 but are not limited to» members of the family Reovirtdae, including the genus 

Qrthoreovirus (multiple serotypes of both mammalian and avian retroviruses)! the genus 
Orbivuus (Bluetongue virus, Eugenangee vmis, Kemerovo virus» African horse sickness 
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virus, and Colorado lick Fever virus), genus Rotavirus Qmman rotavirus, Nebraska 
calf diarrhea vinis, simian rotavirus, bovine or ovine rotavirus, avian rotavirus); the 
family Piconiayiridae^ induding the genus Entmvirus (poliovirus^ Coxsackie vims A 
and B» enteric cytopathic human orphan (ECHO) viruses, hepatitis A virus^ Simian 
S enteroviruses^ Murine encephalomyelitis (ME) viruses, Poliovirus muris> Bovine 

enteroviruses, Porcine ent«x)viruse8 , the genus Cardiovinis (Encephalomyocarditis virus 
(EMC), Mengovirus)^ the genus Rhinovirus (Human ihinoviruses including at least 1 13 
subtypes; other rhinoviruses), the genus Apthovirus (Foot and Mouth disease (FMDV); 
the family Calciviridae, includmg Vesicular exanthema of swine virus, San Miguel sea 

iO lion virus, Feline picomavims and Norwalk virus; the family Togaviridae, including the 
^us Alphaviius CBastem equine encephalitis virus> S^nliki £Drest vurus, Sindbis virus, 
Chikmigunya virus, O^yoi^-Nyong virus, Ross river virus, Venezuelan equine 
encq)halitis virus^ Western equine encephalitis virus)^ the genus Flavirius (Mosquito 
borne yellow fever virus, Dengue ^dnis, J^)anese encephalitis vmi5» St Louis 

15 encephalitis virus^ Murray Valley encephalitis virus, West Nile virus, Kunjin virus, 
Central Eurt^an tick home vinis, Par East^ tick borne virus, Kyasanur forest vims, 
Loitpbg in virus, Powassan virus, Omsk hemoniiBgic fever virus), fbt genus Rubivurus 
(Rubella virus), the genus Pestivirus (Mucosal disease virus. Hog cholera ^nis. Border 
disease virus); the family Bunyaviridae, including the genus Buny vuiis (Bunyamwera 

20 and related viruses, Califomia encephalitis group viruses), tiie genus Phlebovirus 
(Sandfly fever Sicilian virus. Rift Valley fever virus), the genus Nahovirus 
(Crimean-Congo hemorrhagic fev^ vuiis, Nairobi sheep disease virus), and the genus 
Uukuvirus (Uukuniemi and related viruses); the family Orthomyxoviridae» including the 
genus Influenza virus (Influenza vhus type A, many human subtypes); Swine influenza 

25 virus, and Avian and Equine Influenza viruses; influenza type B (many human subtypes), 
and influenza type C (possible separate genus); the family paramyxoviridae, mcluding 
the genus Paramyxovirus (Parainfluenza virus type 1, Sendai virus, H^nadsorption virus, 
Parainfluenza vuuses types 2 to 5, Newcastle Disease Virus, Mumps virus), the genus 
MoibiUivitus (Measles virus, subacute sclerosing panmcephalitis virus, distmper virus^ 

30 Rinderpest virus), the g(^us Pneumovirus (resphratory syncytial vhus (RSV), Bovine 
respiratozy syncytial virus and Pneumonia virus); the family Rhabdoviridae, inchxling 
the genus Vesiculovirus (VSV), Chatidipura virus, Flanders-Hart Park virus)» the genus 
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Lyssaviros Rabies virus), fish Rhabdovini^es^ and two i»:obable Rbabdoviruses 
(Marburg virus and Ebola virus); the fiunily Aienaviiidae, including Lymfto^c 
Qhoriomeningitis virus (LCM)« Tacaribe virus complBx, and Lassa vims; the family 
Coronoaviridac, including Infectious Bronchitis Virus (IBV), Hepatitis virus, Human 
5 wtjsno corona vims, and Feline infectious peritonitis (Feline coronavirus). 

Illustrative DNA viruses that are antigens in vertebrate animals include, but are 
not limited to, the &roUy PoxvindaCp including the genus Orthopoxvirus (Variola major, 
Variola minor. Monkey pox Vaccinia, Cowpox, Buf!aIopox, Rabbi^ox, Ectromelia), the 
gems Leporipoxvirus (Myxoma, Fibroma), the genus Avipoxvirus (Fowlpox, other 

1 0 avian poxvirus), the genus Q^poxvirus (sheeppox, goatpox)^ the genus Suipoxvirus 
(Swinepox), the genus Parapoxvirus (contagious postular dermatitis virus, 
pseudocowpox, bovine papular st(Hnadtis virus); the femily Iridoviridae (African swine 
fever vinis^ Frog viruses 2 and 3, Lymphocystis vmis offish); the &mily Heipesviridae, 
indudinglfae alpha-Herpesvhiises ^eipes Simplex Types 1 and 2, Varicella-Zoster, 

1 S Equine abortion virus. Equine herpes virus 2 and 3 , pseudorabies vims, infectious bovine 
keratoconjunctivitis vims, infectious bovine rhinotracheitis virus, feline rhinotracheitis 
virus, infectious laiyngotracheitis virus) the Beta-h^pesviruses (Human ^omegalovmis 
and cytomegaloviruses of swine and monkeys); the gamma-heipesvimses (Epstein-Barr 
virus (EBV), Marek's disease virus, Herpes saimiri, Herpesvirus ateles, Herpesvims 

20 sylvilagus, gumea pig hexpes vims, Lucke tumor vuus); the family Adenoviridae, 
including tiie genus Mastadenovims (Human subgroups A3>C,D3 and ungrouped; 
simian adenoviruses (at least 23 serotypes), infectious canine hepatitis, and adenovimses 
of cattle, pigs, sheep, &ogs and many other specie, the genus Aviadenovims (Avian 
adenovimses); and non-^ultivatable adenoviruses; the family Papoviridae, including the 

23 genus Papillomavirus (Human papilloma vimses^ bovine papilloma viruses, Shope rabbit 
papilloma virus, and various pathogenic papilloma vimses of other species), the genus 
Polyomavims (polyomavims» Simian vacuolating ag«it(SV-40), Rabbit vacuolating 
agent G^CV), fC virus, BK vims, JC vims, and other primate polyoma vuuses such as 
Lymphotroj^c papilloma vims); the family Parvoviridae including the genus 

30 Adeno-assooiated vimses, the genus Parvovims (Feline panleukop^a virus, bovine 
parvovirus, canine parvovirus, Aleutian muik disease virus, etc). Finally, DNA viruses 
may include vimses which do not fit bio tiie above families such as Kum and 
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Cr^utzfeMt- Jacob disease viruses and dironic infectious neuropathic agents (CHINA 
virus). 

Each of the foregoing iists is illustrative, and is not intended to be limitiiig. 
In addition to the use of the inununostimulatory nucleic acids to induce axx 
5 antigra specific immune response in humans, the methods of (he prefbred embodiments 
are particularly well suited for treatment of birds such as hens, chickens, turiceys, diicks» 
geese» quails and i^ieasant Birds are prime tai^ets for many types of infections. 

Elatching birds are exposed to pathogenic microorganisms shortly after birth. 
Although these birds are Initially protected against pathogens by maternal derived 

10 antibodies, this protection is only temporaxy, and the blrd^ s own immature immune 
system must begin to protect the bird against the pathogens. It is often desirable to 
isiccvejax infection in young birds when they are most susceptible. It is also desirable to 
prevent against infection in older birds» especially when the birds are housed in closed 
quarters^ leading to the rapid spread of disease. Thus, it is desirable to administer the 

15 ImmunostimTilatory nucleic acid and the non-nucleic acid adjuvant of the invention to 
burds to enhance an andgra-specific immune response when antigen is pres^. 

An example of a common infection in chid^ns is chicken infectious anemia 
virus (CIAY). CIAV was first isolated in Japan in 1979 during an investigation of a 
Marek's disease vaccination break (Yuasa et aL, 1979» Avian Dis. 23:366-385). Shice 

20 that time, CIAV has been detected in commercial potihry in all major poultry producing 
countries (van Bulow etal., 1991, pp,690-699) in Diseases of Poultry^ 9th edition, Iowa 
State University Press), 

CIAV infection results in a clinical disease, characterized by memia, 
hemorrhage and immunosuppression, in young susceptible chickei^. Atrophy of the 

25 thymus and of the bone marrow and consistent lesions of QAV-infected chickras are 
also characteristic of CIAV infection. Lymphocyte depletion in the thymus, and 
occasionally in the bursa of Fabricius» results in immunosiq)pression and increased 
susceptibility to secondary vu:al> bacterial, or fungal infections which then complicate the 
course of the disease. The immunosupi»:ession may cause aggravated disease after 

30 infection with <»ie or more of Mardc's disease virus (MDV), infectious bursal disease 
virus, reticuloendo&eliosis vhiis, adenovirus, or reovirus. It has been reported that 
pathogenesis of MDV is enhanced by CIAV PeBoer et aL, 1989, p« 28 In Ftooeedings 
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of the 38tfa Western Poultry Diseases Conferrac^ Tempe» Ariz.). Furttier, it has been 
reported ftat CIAV aggravates the signs of infectious bursal disease Qlosenberger et al.> 
I9i% Avian Dis. 33:707-713). Chickens develop an resistance to caqierimentally 
induced (U»ase due to CAA. This is essentially complete by the age of 2 weeks, but 
5 older birds are sdll susceptible to infection (Yuasa, N. et al*, 1979 supra; Yuasa, N, et al^ 
Arian Diseases 24, 202-209, 1980), However, if chickens are dually infected with CAA 
and an immunosuppressive agent (IBDV> MDV etc.), age resistance against the disease 
is delayed (Yuasa, N, et al, 1979 and 1980 supra; Bulow von V, et al., J. Veterinary 
Medicine 33, 93-1 16, 1986). Qiaracteristics of CIAV that may potentiate disease 

1 0 transmission include high resistance to environmental inacti vation aiid some common 
disinfectants. The economic impact of CIAV infection on the poultry industry is clear 
firom the &ct that 10% to 30% of infected birds in disease outbreaks die. 

Vaccirtalioa of birds, like other vertebrate animals can be performed at any age. 
Normally, vaccinations are perfonned at to 12 weeks of age for a live nd^oorganism 

1 5 and between 14*1 S weeks for an inactivated miax)organism or other type of vaccine. 
For in ovo vaccination* vaccination can be performed in the last quarter of embryo 
development. The vaccine may be administered subcutaneously, by spray, orally, 
intraocularly» intiatracheally, nasally, or by other mucosal delivery methods described 
herdn. Thus, the himiunostimulatory nucleic acids of the invention can be administered 

20 to birds and other non-human vertebrates using loutme vaccination schedules and the 
antigen can be administered aiter an ^>propriate time period as described h^in. 

Cattle and livestock are also susceptible to infection. Diseases which affect these 
animals can produce severe economic losses, especially amongst cattle. The methods of 
the invention can be used to protect against infection in livestock, such as cows, horses, 

25 pigs> sheep, and goats. 

Cows can be infected by bovine viruses. Bovine viral diarrhea virus (BVDV) is a 
small enveloped positive-stranded RNA virus and is classified, along with hog cholera 
virus (HOCV) and sheep border disease virus (BDV), in the pestivirus genus. Although, 
Pestivinises were previously classiikd in die Togaviridae family, some studies have 

30 suggested their reclassification within the Flaviviridae fiunily along with die fiavi vuiis 
and hepatitis C virus (HCV) groups (Francki, et al., 1991). 
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BVDV» which is on important pathogen of cattle can be distinguished, based on 
cell culture analysis, into cytopathog^c (CP) and noncytopathogenic Q^CP) biotypes. 
The NCP btoQnpd i$ more widespread although botii bioQrpes can be found in cattle. If a 
pregnant cow becomes infected with an NCP strain, the cow can give birth to a 
5 persistently infected and specifically immonotolerant calf that will spread virus diiring 
its lifetime. The persistently infected cattle can succumb to mucosal disease and both 
biotypes can ihen be isolated &om the animal Clinical manifestations can include 
abortion, teratogenesis, and ic^iratcMy prabl^ns, mucosal disea^ and mild diani^a. In 
addition, sev^ thrombocytopenia, assodated with herd epidraiics, that may result in 

10 the death of the animal has been described and strains associated with this disease seem 
more virul^ than the classical BVDVs. 

Equine heipes viruses (BHV) compnse a group of antigenically distinct 
biological agents which cause a varied of infections in horses ranging from subcliidcal 
to fatal disease. These include Equine herpesvirus-1 (EHV-1), a ubiquitous pathogen b 

15 horses. EHV-1 is assodated with epidemics of abortion, respiratoiy tract disease^ and 
central nervous system dlsiMrders. Primary infection of upper respiratoiy tract of young 
horses results in a febrile illness which lasts for 8 to 10 days* Immunologically 
experitticed mares may be re-infected via the respimtory tract without disease becoming 
q>parent, so that abortion usually occurs without warning. The neurological syndrome is 

20 associated with respiratory disease or abortion and can affect animals of eitfa^ sex at any 
age» leading to lack of co-ordination, weakness and posterior paralysis (Telford, E A« R* 
et aL, Virology 1 89, 304-3 16, 1992). Other BHV's include EHV-2, or equine 
cytomegalovirus, EHV-3, equine coital exanthema virus, and EHV-4, previously 
classified as BHV-1 subtype 2. 

25 Sheep and goats can be infected by a variety of dangerous microorganisms 

including visna-maedL 

Primates sudi as monkeys, ^es and macaques can be infected by simian 
immunodeficiency virus* Inactivated cell'^virus and cell-firee whole snnian 
immunodeficiOTcy vaccines have been reported to aSTord protection m macaques (Stott ^ 

30 al, (1990) Lancet 36:1538-1541; Desrosiers et al. PNAS USA (1989) 86:6353-6357; 
Murphey-Corb et al. (1989) Science 246: 1293-1297; and Carlson et aL (1990) AIDS 
Res. Human Retroviruses 6:1239-1246). A recombinant HIV gpl20 vaccine has been 
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lepoiled to afiford protection in chimpanzees (Berman et bI, (1990) Nature 
343:622-625). 

Cats, both domestic and wild, ate susceptible to infection with a variety of 
microorganisms. For instance, feline infectious peritonitis is a disease which occurs in 
3 both domestic and wild cats, such as lions, leopards, dieetahs, and jaguars^ When it is 
desirable to prevent infection with this and other types of patiic^^ic organisms in cats, 
the methods of the invention can be used to vaccinate cats to protect them against 
infection. 

Domestic cats may become infected with several n^viruses, including but not 

10 limited to feline l^emia virus (FeLV), feline sarcoma virus (PeSV), endogenous type 
Concomavinis (RD-l 14), and feline syncytia-formiiig vims (FeSFV). Of Ihese^ FeLV is 
the most significant pathogen, causing diverse syn^tomSi includmg lymphoreticular and 
myeloid neoplasms, anemias, immune mediated disorders, and an immunodefidau^ 
syndrome which is similar to human acquired immune defidency syndrome (AIDS). 

1 s Recently, a particular replication-defective FeLV mutant, designated FeLV-AIDS, has 
been more particulariy associated with immunosuppressive properties. 

The discovery of feline T-lymphotrq)ic lentivirus (also refenred to as feline 
immuiMxiefldency) was first reported in Pedersen et al. (1 987) Sci^ice 235:790-793. 
Characteristics of PIV have been reported in Yamamoto et aL (1988) Leukemia, 

20 December S\«)plement 2:204S-215S; Yamamoto et al. (1988) Am, J. Vet. Res. 

49:1246-1258; and Ackley et al. (1990) J. Virol. 64:5652-5655. Cloning and sequence 
analysis of FIV have bem reported in Ohnsted et al. (1989) Proc. Natl. Acad. Sd. USA 
86:2448-2452 and 86:4355-4360. 

FeliM infectious peritonitis (FIP) is a ^radic disease occurring unpredictably in 

25 domestic and wild Felidae. While FIP is primarily a disease of domestic cats» it has been 
diagnosed in lions, mountain lions, leop^ds, cheetahs, and the jaguar. SmaUer wild cats 
that have been afflicted with FIP include the lynx and caracal, sand cat» and pallas cat 
In domestic cats, the disease occurs predominantly in young animals, although cats of all 
ages are susceptible. A peak incidence occurs brtween 6 and 12 months of age. A 

30 dedine m incidence is noted from 5 to 1 3 years of age» followed by an increased 
inddence in cats 14 to IS years old. 
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Viral, bacterial^ and parasitic diseases in fin-iish, shellfish or otiber aquatic life 
forms pose a serious problem for the aquaculture industry. Owipg to the high dmsity of 
animals in fhe hatcbeiy tanks or mclosed marine fiuming areas, infectious diseases may 
eradicate a large proportion of the stock in, for example, a &i-fish» sbellfish^ or other 
3 aquaticlife fbms fecility. Prevention of disease is a more desired remedy to tiiese 
threats to fish than intervention once the disease is in progress. Vaccination of fish is the 
only preventative method which may offer long-term protection through immunity. 
Nucleic acid based vaocmations are described in US Patent No. 5,780,448 issued to 
Davis. 

10 The fish imnmne ^tem has many features similar to the mammalian immune 

system, such as the presence of B cells, T cells, lymphokines^ complement, and 
immunoglobulins. Pish have lymphocyte subclasses with roles that appear similar in 
many respects to those of the B and T cells of mammals. Vaccines can be administered 
immersion or orally. 

1 S Aquaculture species include but are not limited to fm-fish» shellfish, and other 

aquatic animals. Pin-fish include all vertebrate fish, whidi msty be bony or cardlaginous 
fish, sudi as, for example^ salmonids, carp, catfish, yellowtail, seabream, and seabass. 
Salmomds are a family of fin-fish which include trout (including rainbow trout), salmon, 
and Arctic char. Examples of shellfish include, but are not limited to, clams, lobster, 

20 shrimp, cmb» and oysters. Other cultured aquatic animals include, but are not limited to 
eels, squid, and octopL . 

Polypeptides of vb^ aquaculture pathogens include but are not limited to 
glycoprotein (G) or nucleoprotein (N) of viral hemonhagic septicemia vims (VHSV); G 
or N proteins of infectious hematopoietic necrosis virus (IHN V); VPl , VP2, VP3 or N 

23 structural proteins of infectious pancreatic necrosis virus (IFNV); G protein of spring 
vhmia of carp (S VQ; and a membrane-associated protein, tegumin <^ capsid protein or 
glycoprotein of channel catfish virus (CCV). 

Typical parasites in&cting horses are Oasterophilus spp.; Eimma teuckmi, 
Giardia spp.; Tritrichomoms eqid; Babesia spp. (RBC^s), TimUrla equi; Trypanosoma 

30 spp.; JQosstella equi; Sarcocystis spp. 
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Typical parasites infecting swine include Eimeria beblfecki, Eimeria scabra, 
bospora suis, Giardia spp.; BaUmtidium coli Entamoeba histolytica^ Toxoplasma gondii 
and Sarcotystis spp., and Trtchtnella spiralis. 

The major parasites of dairy and beef cattle include Eimeria spp„ 
5 Cryptosporidium sp., Giardia spp. : Toxoplasma gondii', Babesia bovis (RBC)« Babesia 
bigemina(KBQ, Trypanosoma spp. (plasma), Theiteria spp, (RBC); Theileria parva 
(lymphocytes); Trltrlckomonas foetus; and Sarcocystis spp. 

The m^or parasites of raptors include Trichomonas gallinae; Coocidia (Eimeria 
sppO; Plasmodium reliction, Leucocytozoon danUewskyi {ovA^\ Haemqproteus spp., 

10 Trypanosoma ^.\Histomorm\ Cryptosporidium meleagridis, Cryptosporidium 
baiteyi, Giardia, Eimeria; Toxoplasma, 

Typical parasites infecting sheep and goats include Eimeria spp., 
Cryptosporidium sp., Giardia sp.; Toxoplasma gondii; Babesia spp, (RBC)» 
Trypanosoma spp. (plasmaX Theileria spp. (RBC); and Sarcocystis spp. 

1 S Typical parasitic infections in poultry inchide coccidiosis caused by Eimeria 

acervulina, E, necatrix, R tenelUt, Isospora spp. and Eimeria tnmcata; histomoniasis, 
caused by Histomonas mele^gridis and fOstomonas gallinarum; trichomoniasis caused 
by Trichomonas gallinae; and hexanutiasis caused by Hexamita meleagridis. Poiiltiy 
can also be infected Emeria maxima, Emeria meleagridis, Eimeria adenoeides, Eimeria 

20 meleagrtmitis, Cryptos^rldium^ Eimeria bnaietti, Emeria adenoeides^ Leucocytozoon 
spp^ Plasmodium spp,, Hemoproteus meleagridis^ Toxoplasma gondii and Sarcocystis. 

The methods of the invention can also be applied to the treatment and/or 
preveotion of parasitic infection in dogs, cats, birds, fish and ferrets. Typical parasites of 
birds inchide Trichomonas gallinae; Eimeria spp., Isospora spp.» Giardia; 

23 Cryptosporidiunv, Sarcocystis spp,, Toxoplasma gondii^ 

Haemoproteus/Farahaemoprpteus, Plasmodium spp, Leucocyiozoon/Aktba, 
Atoxoplasma, Trypmosoma spp. Typical parasites infecting dogs include Trichinella 
spiralis; Isopora spp*, Sarcocystis spp., Cryptosporidium spp., Hammondla spp., Giardia 
duodenalis (cants); Balantidium coli, Entamoeba histolytica; Hepatoxoon canis; 

30 Toxoplasma gondii^ Trypanosoma cruzi; Babesia canis; Leishmania antastigotes; 
Neospora canimm. 
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Typical parasites infecting feline species include Jsospora spp., Toxoplasma 
gondii, Satcocystis spp., Hammondia hammondi, Bemaitia $pp., Giar(&a spp.; 
Entamoeba histofytica; Hepatozoon cams, Cytauxzoon sp., Cytauxzoon sp.. Cytauxzoon 
sp. (led cells, RE cells). 
5 Typical parasites inieoting &h include Hexamtta spp., Eimeria spp.; Ctyptobia 

spp,, Nosema spp., Myxosoma spp., Chilodomlla spp., Trlchodina spp,; Ptistophora 
spp., Afyxosoma Henneguya; Costia spp., Ichthyophithtrius spp., and Oodinium spp. 

Typical parasites of wild mammals include Giardia spp. (camivOTes, herbivores), 
Isospora spp. (camivores)^ Eimeria spp. (carnivores, l^rfaivores); Tkeileria spp. 

10 (herbivores), Babesia spp. (carnivores, herbivoresX Trypanosoma spp. (camivoies* 
herbivores); Scfustosoma spp. (herbivores); Fasciola hepattca (herbLvores)^ 
Fa;do/0id!e^maBna(hQ!rbivores), fVzsctoA? g/gon/^ O^erbivoies), TrichineUa spiralis 
(carnivores, hetbivoies). 

Parasitic infections in zoos can also pose senous problems. Typical parasites of 

1 3 the bovidae family (Uesbok, antelope, banteng, eland, gaur, impala, klipsptinger, kcdu, 
gazelle) include f^r^a spp. Typical parasites in tiiepinmpedae family (seal» sea lion) 
include Eimeria phocae. Typical parasites m the camelidae family (camels, llamas) 
include Eimeria spp. Typical parasites of the giraSidae family (giraffes) include Eimeria 
spp. Typical parautes in the elephantidae family (African and Asian) include Fasciola 

20 spp. Typical parasites of lower primates (chimpanzees, orangutans, apes, baboons, 
macaques, monkeys) include Giardia sp.; Balantidivm coli, Entamoeba histolytica, 
Sarcocystis spp,, Toxoplasma gondii^ Plasmodim spp. (RBC), Babesia spp. (RBC), 
Trypanosoma spp, (plasma), Leishmania spp, (macrophages). 

Polypq>tides of bacterial pathogens include but are not limited to an 

25 iron-regulated outer membrane protein, (IROMP), an outar mftubrane protein (OMP), 
and an A-protein of Aeromonis rabnonicida which causes iunmculosis, p57 protein of 
Renibacterium salmoninarum vAich causes bacterial kidney disease (BKD), m^or 
surface associated antig»i (tnsa), a sur&ce expressed cytotoxin (mpr), a surface 
expressed h^olysin (ish), and a flagellar antigen of Yendniosis; an octracellular protein 

JO (ECP)» an iron-reguiated outor membrane protein (IROMP), and a structural protein of 
Pasteurellosis; an OMP and a flagellar protein of Vibrosis aciguillarum and V. ordalii; a 
flagellar proteb, an OMP protein, aroA, and purA of EdwardsieUosis ictaluri and E. 
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tarda; azxl surface anligefi of Ichthyophlbiriu^ and a structural and regulatory prpteia of 
Cytophaga columnari; and a structural and reg;ulatory protein of Ridcettsia. 

Polypeptides of a parasitic pathogen include but ore not limited to the sur&ce 
antigte^ of IchAyophtfairius. 
5 An allergen tdcrs to a substance (antigen) that can induce an allergic or 

asthmatic respoose in a susceptible subject The list of allergens is enormous and can 
include pollens, insect venoms^ animal dander dust^ fungal spores and drugs (e.g. 
penicillin). Examples of natural, animal and plant allergens include but are not limited to 
proteins specific to the following genuses: Canine (Canis familiaris); Dermatophagoides 

1 0 (e.g. Dtrmatophagoides farinaey, Felis (Felis domesticus); Ambrosia {Ambrosia 
artemiisfotia; Lolium (e.g. Loliumperenm orLolium mulHJIorum); Cryptomeria 
{Cryptomerla j(q>ontca); Altemaria {Aliemarta (dterfuna)i Alder; Alma (A^nus 
gultir^oasa); Betula (Betula verrucosa); Quercus (Quercus alba); (Hea (OUa europa); 
Artetnista (Artemisia vulgaris); PlatUago (e«g. Plantago Janceolata); Parletaria (e.g. 

IS Partetoiia officinalis or Parletaria Judaica); BlatteUa (e.g. Blattella germanica); Apis % 
^ (e.g. Apb multijlorum); Cupressus (&g. Ctq)ressus sempervirens^ Cvpressus orizoruca 

and Cupressus macrocarpa); Juniperus (e.g. Juniperus sabinoides^ Jmiperus virgtmana^ 
Jwiiperus communis and Juniperus ashei); Thuya (e^g* Thuya orierUaUs); 
Chamaecyparis (e.g. Chamaecyparis obtusa); Periplaneta (e.g. Periplaneta americana); 

20 Agropyron (e*g. Agropyron repens); Secede (e.g* Secale cereale); Triticum (e.g, Triiicum 
aestivum); Dactylis (e.g. Dactylis glomerata); Festuca (e.g. Festuca elatior); Poa (e.g. 
Poa protensis or Poa compressa); Avena (e.g. Avena sativd); Hotcus (e.g. Holcus 
Umaius); Anthoxanthwn (c,g. Anthoxartthum odoratum)\ Arrhenatherum (e,g, 
Arrhenatherum elatius); Agtostis (e.g. Agrostis alba); Phleum (e.g. Phlewn pratense); 

25 Phalarls (e.g. Pkalaris arundinacea); Paspalvm (e.g. Paspalum notalum); Sorghum (e.g, 
Sorf^nm haiepensis); mdBrpmus (e<g, Bromus inermis)* 

The antigen may be an antigen diat is mcoded by a nucleic acid vector or it npiay 
be not encoded in a nucleic acid vector. In the former case the nucleic acid vector is 
administered to the subject and the antigen is expressed in vivo. In the latter case the 

30 antigen may be administered directly to the subject An antigen not encoded in a nucleic 
acid vector as used herdn refers to any type of antigra that is not a nucleic acid. For 
instance^ in some a^iects of the invention the antigen not encoded in a nucleic acid 
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vector is a polypqytide. Minor modifications of the primaiy amino acid sequences of 
polyp^Ude antigens may also result in a polypeptide whidb has substantially equivalent 
antigenic activity as compared to ^ unmodified count^part polypeptide. Such 
modifications may be delibmte, as by site-directed mutag^esiSp or may be spontaneous. 
5 All of the polypeptides produced by these modifications axe included herein as Icmg as 
antig^city still exists. The polypeptide may be» for example^ a viral polypeptide. 

The term substantiaUy purified as used herein refers to a polypeptide whidi is 
substantially free of other proteins^ lipids, carbohydrates or other materials with whidi it 
is naturally associated. One skilled in the art can purify viral or bacterial polypeptides 

10 using standard techniques fox protdn purification. The substantially pure polypeptide 
will often yield a single major band on a non-reducing polyacrylamide gd. In the case of 
partiaUy glyco^lated polypq)tide$ or those that have several start codons, there may be 
several bands on a non-reducing polyacrylamide gel, but these yhXL form a distinctive 
pattern for tiiat polypeptide. The purity of the viral or bacterial polypeptide can also be 

15 detennined by amino-t^minal amino acid sequence analysis. Other types of antigens not 
encoded by a micleic add vector such as polysaccharides, small molecule, mimics etc are 
described above, and included within the iavention. 

The invention also utilizes polynucieotides encoding the azxtigraiic polypeptides. 
It is envisioned that the antigen may be delivered to the subject in a nucleic acid 

20 molecule which encodes for tiie antigen sudi that the antigen must be expressed in vivo. 
Such antigens ctelivcrcd to the subject in a nucleic acid vector arc referred to as antigens 
encoded by a nucleic acid vector. The nucldc acid encoding the antigen is op^tLvely 
linked to a gene expression sequence whidi directs the expression of the antigen nucleic 
acid within a eukaryotic celL The gsx expression sequence is any regulatory nucleotide 

25 sequence, such as a promoter sequence or promoter-enhancer comfainatioz!, which 

fadlitates the eflScient transcription and translation of the antigen nucleic acid to which it 
is cperatively linked The giene 6Xt»:e$^on sequence may, for example, be a mammalian 
or viral promoter, such as a constitutive or indudble pronioter. Constitutive mammalian 
promoters include^ but are not limited to, the promoters for the following genes: 

30 hypoxazilhine phosphoiibosyl transferase QIPTR), adenosine deaminase, pyruvate 
kinase, b-actin promoter and other constitutive promoters. Ex«iplary viral promoteis 
vMxAi fiinction constitutively in ^ikaryotic cells include^ for example, promoters from 
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the cytomegalovirus (CMV), simian virus (e.g., SV40)» peq)iIloma vims, adenovirus, 
hunuui inimunodefidem^ virus (HIV), Rous sarcoma virus* cytomegalovirus, the long 
terminal repeats (LTR) of Moloney leukemia virus and other retroviruses, and the 
thymidine kinase promoter of herpes sin^Iex virus. Other constitutive promotes are 
5 known to those of ordinary skill in the art The promotm useful as gene expression 
sequences of the invration also include inducible promoters. Inducible promoters ai^ 
e3q)ressed in the presence of m bducing agent. For example, the metallotfaionein 
promoter is induced to promote transcription and translation in the presence of certain 
metal ions. Other inducible promoters are known to those of ordimry skill in the art. 

10 In genoal, the gme ^ression sequence shall indude, as necessary, 5* 

non-transcrLbing and 5' non-translating sequences involved widi the initiation of 
transcription and translation, respectively^ such as a TATA box, capping sequence^ 
CAAT sequence, and the like. Especially, sudi 5* non-transcribing sequences will 
include a promoter region which includes a promoter sequence for transcriptional control 

15 of ttie opecably joined antig w nucldc acid. The gene exjpression sequences optionally 
include enhancer sequences or upstream activator sequences as desired. 

The antigen nudeic acid is opeiatively linked to the gme expression sequence* 
As used herein, the antigen nucleic acid sequence and the gene e^^resslon sequence are 
said to be operably linked wh% th^ are oovalently linked in such a way as to place the 

20 expression or transciipticm and/or translation of the antigen coding sequ^ce under the 
influence or control of &e gene e?q)ression sequence. Two DNA sequences are said to 
be opoably linked if induction of a promoter in die 5' goie expression sequence results 
in the transcription of the antigen seqi^ce and if the nature of the linkage betwe^ tiie 
two DNA sequences does not (1) result m the mtroduction of a frame-shift mutation^ (2) 

23 int^ere with the ability of the promoter region to direct the transcription of the antigen 
sequence, or (3) int^ere with the ability of the corresponding RNA tranecript to be 
translated into a protdn. Thus» a gene expression sequence would be operably linked to 
an antigen nucleic acid sequence if the gene expression sequence were capable of 
effecting transcription of that antigen nudeic acid sequence such that die resulting 

30 transcript is translated into the desired protein or polypeptide. 

The antigen nizcldc acid of the invention may be delivered to the immune system 
alone or in association with a vector. In its broadest sense, a vector is any vehicle 
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capable of &cilitatittg the transfer of the antigeii nucleic acid to tiie cells of the tmm^^"^ 
system so that the antigen can be es^essed and pre$ent6d on the sur&ce of the immune 
cell Hie vector generally transports the nucleic acid to the immune cells xvith reduced 
degradation relative to the extent of d^radation that would result in the absence of the 
S vector. TTie vector optionally includes the above-described gene expression sequence to 
enhance cxpressicm of the antigen nucleic acid in immune cells. In general, the vectors 
useful in tt» invention include^ but are not limited to^ plasmtds, phagemids, viruses^ 
other vehicles derived from viral or bacterial sources that have been manipulated by the 
insertion or incorporation of the antigen nucleic acid sequences. Vh^ vectors are a 

ID preferred type of vector and include^ but are not limited to» nucleic acid sequences firom 
the following viruses: retrovirus, such as Moloney murine leukemia vinis» Harvey 
murine sarcoma virus, murine mammaiy tumor vims, and Rous sarcoma virus; 
adenovirus, adeno-associated \iru5; SV40-type viruses; polyoma viruses; Epstetn-Barr 
viruses; p^illoma viruses; h^es virus; vaccinia virus; polio vbus; and RN A virus such 

15 as a retro^rus. One cfan readUy employ other vectors not named but known in the art. 

Preferred viral vectors are based on non-Q^pathic eukaryotic viruses in ^^ch 
non-essential g»es have been replaced with the g^e of interest Non-cytopathic viruses 
include retroviruses, the life cycle of which involves reverse transcription of genomic 
viral RNA into DNA with subsequent proviral integration into bo^ cellular DNA, 

20 Retroviiuses have been approved for human gene therapy trials. Most useful are those 
retroviruses that are replication-deficient (i.e., capable of directing synthesis of ^ 
desired |»X)teins^ but inc^ble of manufacturing an infectious particle). Such genetically 
altered retroviral expression vectors have general utility for the high-efficiency 
transduction of genes in vivo. Standard protocols for producing replication-deficient 

25 retroviruses Qncluding the st^s of incorporation of exogenous genetic material into a 
plasmid, trans&ction of a packaging cell lined with plasmid, production of recombinant 
retrovbiises by the pack£«mg cell Ime, collection of viral particles fix>m tissue culture 
media, and infection of the target cells with viral particles) are provided m Kri^ler, 
Oene Transfinrand £3q[)res5ion, A Laboratory Manual W.H. Freeman C.0.» New York 

30 (1990) and Murry, HJ. Methods in Molecular Biology, vol. 7, Humana Press» Inc.> 
ClijSaon, New Jersey (1991). 
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A prefeired vims for certain aj^licatiiHis is tfa& adeno-associated virus^ a 
double-stranded DNA virus. The adrao-associated vims can be ei^ineered to be 
replication -deficient and is enable of infecting a wide range of cell types and species. 
It further has advantages such a$» heat and liind solvent stability; hi^ transduction 
5 frequencies in cells of diverse lineages, including hemopoietic cells; and lack of 

superinfection inhibition thus allowing multiple seri^ of transductions. R^rtedly, the 
adeno-associated virus can integrate into human cellular DNA in a site-specijSc manna:, 
thereby minimizing the possibility of insertional mutBgenesis and variability of inserted 
gme expression characteristic of retroviral infection. In addition, wild-type 

1 0 ad^-associated virus infections have been followed in tissue culture for greats than 
100 passages in the abs^ice of selective i^essure, implying that the adeno-associated 
virus g^mic integration is a relatively stable event The adeno^sodated virus can 
also function in an «trachro£nosomal ftshion. 

Other vectors include plasmid vectors. Plasmid vectors have he&si extensively 

IS described infhe art and are well-known to those of skill in the art. See eg., Sambrook et 
al., Molecular Cloning: A Laboratory Manual, Second Edidcn^ Cold Spring Harbor 
Laboratory Press, 1989. In ibc last few years, plasmid vectors have been found to be 
particularly advantageous for deliverir^ genes to cells in vivo because of their inability to 
replicate within and integrate into a liost genome. These pla$mids» however, having a 

20 promoter compatible with, the host oell^ can express a peptide from a gene operatively 
encoded within the plasmid* Some commonly used plasmids include pBR322,pUCl 8, 
pUC 1 9. pRC/CMV, SV40, and pBlueScript. Othex plasmids are well-known to those of 
ordinary skill in the art. Additionally^ plasmids may be custom designed using 
restriction enzymes and ligation reactions to remove and add ^ecific fragments of DNA. 

25 It has recoiily been discovered that gene carrying plasmids can be delivered to 

the immune syst^ using bacteria. Modified forms of bactma such as Salmonella can 
be trans&cted with the plasmid and used as deliv^ vehicles. The bacterial delivery 
v^cles can be administered to a host subject orally or by other administration means. 
The bacteria ddlv^ the plasmid to immune cells, e.g. B cells, dmdritic cells, likely by 

30 passing through the gut hairier. High levels of immune protection have been established 
using this meifaodology. Sudi methods of delivery are useful for the aspects of die 
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inv^on utilizing sy straiic delivery of andgra, Bnmunostimulatoiy nucleic add and/or 
odier tfaeFopeutic agent 

Thus, the immunostimdatory nucldc acids ate useful as vaccine adjuvants. It 
was previously established that CpO oligonucleotides are exoellrat vaccine adjuvants. It 

5 was also denionstrated, however, that CpO ODN v^hich are superb vaccine adjuvants m 
mice are not the preferred adjuvants in non-rodent animals. In order to identify the best 
immunostunulatoiy nucleic adds for use as a vaccine adjuvant in humans and other non- 
rodent animals^ in vivo screening of diffwnt nucleic acids for this purpose was 
C(mducted Several in vitro assays were evaluated in mice for their predictive value of 

LO adjuvant activity in viw in mice. During the course of this study, an in vitro test that is 
predictive of in vivo efficacy was identified. It was discovered, rather surprisingly^ that 
both B cell and NK cell activation correlated particularly well with the ability of an 
immunostimulatory nucleic add to enhance an in vivo immune response gainst an 
antigien. 

15 The good predictive vahie of B cell activation fbr in vivo vaccine adjuvant 

activity is most likely Imked to the central xole of B cells ul the establishment of a 
specific immune le^nse. Polyclonal imli&ration of B cells (induced by 
immunostimulatoiy mideic acids) increases the likelihood of an antigen specific B cell/T 
helper cell match. Furthermore, enhanced expression of the oo-sfunulatory molecule 

20 CD86 on polyclonally ^q»nded B cells activates antigm specific T helper cells. B ceUs 
also increase their CD40 expression m response to inmiunostimulatoiy nucleic adds 
improving the capability of CD40L expressing activated T helper cells to stimulate B 
ceils. Increased ICAM-1 synthesis on B cells facilitates the cell to cell contact. Thus, 
the activation status of polyclonal B cells plays a critical role during the initiation of a 

25 specific antibody response. 

The contribution of NK cell activity for the establishment of specific antibodies 
was» however, suiprising. NK cells are part of the innate immune system and as such are 
involved in the first line of defense against pathogens. Most likely the cytokine pattern 
produced by NK cells upon activation is closely related to the initiation of a Q)ecific 

30 immune response. Thus, in one aspect the mvention rdates to a method of identifying an 
adjuvantp by detecting NK cell activation. The NK cell activation assay may be carried 
out as described in the Examples bdow or usii^ otiier known NK cell activity assays. It 
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is preferred, however that a mixed cell population such as PBMC be used because of the 
likelihood that NK cell activation is an indirect effect The assay is preferably useful for 
identifying immunostimulatory nucleic acids which are useful as adjuvants in human and 
other non-rodent animals. 
5 Cytokine induction was also identified as an important predictor of in vivo 

adjuvant activity. As there is a 2 log higher endotoxin sei^itivity of human than mouse 
primary monocytes, some caution^ however, is required to avoid endotoxin 
contamination of immunostimulatory nucleic acids used for testing in die human system 
(Hartmann G., and Krieg A. M. 1999. Gefte Thereby 6:893). Smce TNF-a, IL-6 and IL- 

10 12 aze produced by human monocytes in response to ev^ low amounts of endotoxin, 
their value &r hi^ througl^ut in vitro screening assays is limited. On the other hand» 
human B cells and NK cells show onfy minor activation by mdotoxin and thus are far 
more u^ful in testing for immunostimulatory activity. 

Stimulation of cellular function in either NK or B cells Q.e., lytic activity. 

1 5 prolifoation) reqiures a stronger immunostimulataiy nucleic acid than the induction of 
activation mark^s at then* surface (CD69, CD86). For both cell types, the use of cell 
surface activation markers diowed a higher nonspecific bacl^ound attributable to the 
phosphorothioate backbone compared to the functional assays. This high sensitivity of 
surface markers reqmres the use of low immunostimulatoiy nucleic acid concwtrations 

20 for optimal dist^mination between immunostimulatory nucleic acid of similar activity. 
Thus, the use of surface markers allows the comparison of inummostimulatory nucleic 
acids with weak activity, while functional assays are preferrwi for comparing 
immunostimulatory nucleic acids witii high activity. It is of note that the optimal 
immunostimulatory nucleic acid concentrations for stimulating B cells and NK cells 

25 difiTer. While 0.6 (ig/^ml ODN is already maximal to stimulate B c^s, optimal NK cell 
activation may require 6 fxgAnl ODN. Both B cell activation and NK cell functional 
activity were measured within freshly isolated PBMC. It was previously found that 
highly purified human primary B cells are activated by CpG DNA, The existence of a 
direct effect of CpO DNA on NK ceils is less dear, and a secondary mechanism 

SO mediated fay another cell type within PBMLC might contribute to CpG-induced functional 
activity of NKcelU. 
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The nucldc acids of the invention may be administered to a subject y/ilk an anti- 
microbial a^^ An anti-mJcrobial agent, as used herein, lefers to a mturaliy-oocuriing 
or syndietic confound which is enable of killing or inhibiting infectious 
microorganisms* The typ^ of aAti-microbial agent iiseful according to the invention will 

S depend upon the (ype of microoigopism with viAiich the subject is infected or at risk of 
beconung in&cted. Anti-microbial agents include but are not limited to anti-bacterial 
agents, anti^vird agents, anti-fimgal ag^its and anti-para^tic agents. Phrases such as 
"anti-infective agenf , ''anti-bacterial ^ent", "anti-viral agent", "anti-fungal agent"> 
*'anti*parasitic agent^ ami ''parasiticide" have well-established meanings to those of 

10 ordinary skill in the art and are defined in standard medical texts. Briefly, anti-bacterial 
agents kill or inhibit bacteria* and include anllbiDtics as well as other synthetic or natural 
compounds having similar functions* Antibiotics are low molecular weight molecules 
which are produced as secondary metabolites by cells» such as microorganisms. In 
general, antibiotics intofere with one or more bacterial flmctions or stmctures which are 

1 5 specific for the microorganism and which are not present in host cells. Anti-viral agents 
can be isolated from natural sources or synthesized and are useful for killing or inhibiting 
viruses. Anti-fimgal agents are used to treat superficial fungal infections as well as 
opportunistic and primary systemic fungal infections. Anti-parasite a^nts kill or inhibit 
parasites. 

20 Examples of anti^parasitic agents, also referred to as parasiticides useful for ~ 

human administration include but are not limited to albendazole^ amphotericin B. 
benznidazole, bithionol^ chloroquine HCl, chloroquine phosphate, clindamycin, 
dehydroemetine, diethylcarbamazine, diloxanide fiu'cate^ efiornithme, furazolidaone^ 
glucocorticoids^ halofantrine, iodoquinol, ivermectin, mebendazole^ mefloquine, 

25 meglumine antimoniate, melar^prol, metrifonate, metrooidazale, niclosamidet 
nifurtimox, oxamniquine, paromomycin, pentamidine isethionate^ piperazine, 
praziquantel, primaquine phosphate, proguanil, i^rantel pamoatCi pyrimethanmine- 
sulfonamides} pyrimethanrnine-sul&doxine, quinacrine HCl^ quinine sulfate, quinidine 
gluconate, spiramydn, stibogluconate sodium (sodium antimony gluconate), suramin, 

30 tefxacycline» doxycycIine» thiabendazole, tinidazole, triinetfaroprim-sutfametfaoxazole, 
and tryparsamide some of vMch are used alone or in combmation with others. 
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Parasitiddes used in non-hucnan subjects include piperaane, 
di^ylcarbamazizic, thiabendazole, fenbendazole, albendazole^ oxfeodazole^ 
OTubendazole, febantel, kvamisole, pyrantel tartrate^ pyrantel pamoate, dichlorvos, 
ivmnectin, dQTamectio, milbemycin oxime^iprinomectin, mQxidectin« N-butyl chloride, 
5 toluene, hygromydn B fhiacetarsemide sodium, melaisomine, praziquantel, epsiprantel, 
b^izimidazoles such as f^bendazole, albendazole, oxfradazole, clorsulon, albendazole^ 
amprolium; decoquinate, lasalodd, mon^in sulfadimethoxine; sulfamettiazine^ 
sulfaquinoxaline^ metronidazole. 

Parasiticides used in hor^s include meb^azole, oxfendazole, febantel^ 

10 pyrantel, ctichlofvos, trichloffon, ivermectin, pipcrazine; for S. msteri: ivermectin, 
benzimiddazoles sudi as tbiabendazole^ cambendazole, oxibendazole and fenbendazole. 
Useful parasiticides in dogs indude milbemydn oidac, ivmnectin, pyrantel pamoate and 
the combination of ivermectin and pyrantel. Tlie treatment of parasites in swine can 
include the use of levamisole, piperasdnei pyrantel, tfiiabcndazole, didilorvos and 

15 fi^endazole. In sheep arid goals anthelmintic agents include levarrusole or ivermectin. 
C^»rsoiale has shoivn some efficacy in the treatment of D. immitis (heartworm) in cats. 

Antibactorial agents kill or inhibit the growth or function of bacteria. A large 
class of antibacterial agents is antibiotics. Antibiotics, which are effective for killing or 
inlubiting a wide range of bacteria, are refierred to as broad spectrum antibiotics* Other 

20 types of antibiotics are predominantly effective against flie bacteria of die class gram- 
positive or gram-negative. These types of antibiotics are referred to as narrow spectrum 
antibiotics. Other antibiotics which arc effective against a single organism or disease 
and not against other types of bacteria, are referred to as limited spectrum antibiotics. 
Antibacterial agents are sometimes das^fied based on their primary mode of action. In 

25 general, antibactmal agents are cell wall synthesis inhibitors, cell membrane inhibitors, 
protein synthesis inhibitors, nucldc add synthesis or functional inhibitors, and 
competitive inhibitors. 

Anti-bacterial agents useful in the invention include but are not limited to natural 
penidllins, semi^syntheticpemdllms, ckvulanic acid, cejAalolsporins, bacitracin, 

30 ampicillin, caibenidllin^ oxacillin, azlodllin, mezlocillin, piperadllin, metfaicillin^ 
didoxBcillin, nafdUin, cephalothin, cq)hapirin, cephalexin, ceftmandole^ cefaclor, 
ce&zolin» cefuroxine, ceibxitm, cefotaxime, cefsulodin. cefetamet, cefbdme, ceftriaxonci, 
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cefbpemzone^ ceftazidine, moxalactam, carb^^eaems, imipenems, monobactems, 
euztreonam, vancomycin, polymyxin, amphotericin B, nystatin, imidazoIeSi 
clotrimazole, miconazole, ketoconazole, itraconazole, fluconazole, rifampins, 
ed^bulol, tetracyclines, chloranq)lienicol, macrolides, aminoglycosides, streptomycin, 
kanamycin, tobramycin, amikacin, gentsmicin, tetracycline, minocycline^ doxyc^cline, 
chlortetracycline, erythromycin, roxithromydn, claritiiromycin> oleandomycin, 
azithromycin, chloran^)benicol, quinolone&, co-trimoxazole, norfloxacin, ciprofloxacin, 
e^xacin, nalidixic acid, temailoxadn, sulfonamides, gantrisin, and trimethoprim; 
Acedapsone ; Acetosulfone Sodimn; Alamecinj Alexidine; Amdinocillin; Amdinocillin 
Fivoxil; Amicydine; Amifloxacin; Amifloxacin Mesylate; Amikacin; Amikacin Sulfote; 
Aminosalicylic acid; Aminosalicylate sodinm; Amoxicillin; Ampbomycii^ Ampiciltii^ 
Ampiciilin Sodium; ApaldUin Sodium; Apramydn; Aspartocin; Asttomidn Sul&te; 
Avilamy chi; Avoparcin; A^thromycin; Azlocillin; Azlocillin Sodium; Bacampicillin 
Hydrochloride; Badtracin; Badtracin Methylene Disalicylate; Bacitracin Zinc; 
Bambexmycbis; Bmzoylpas Calcium; Berytiiromydn ; Betamicin Sulfate; Biapenem; 
Biniramycin; Biphenamine Hydrodiloiide ; BispjTLthione Magsulfex ; Butikadn; 
Butirosin Sul&te; Capreomydn Sulfate; Carbadox; Carbenidllin Disodium; 
Carbmicillin Indanyl Sodium; Carbenidllin Phenyl Sodium; CarbemciHin Potassium; 
Carumonam Sodium; Cefaclor; Ce&droxil; Cefimandole; Ce&mandole Nafate; 
Ce&mandole Sodium; Cefaparole; Cefatrizine; Ce&zaflur Sodium; Ce&zolin; Cefazolin 
Sodium; Cefbi^)erazone; Cefdinir; Cefepime; Cefepime Hydrochloride; Cefetecol; 
Cefixime; Cefinenoxime Hydrodilodde; Ceimetazole; Cefinetazole Sodium; Cefonicid 
Monosodium; Cefonicid Sodium; Cefoperazone Sodium; Ceforanide; Cefotaxime 
Sodium; Cefot^an; Cefotetan Disodium; Cefotiam Hydrochloride; Cefoxitin; Cefoxitin 
Sodium; Ce^mizole; Cefpimizole Sodium; Cefpiramide; Ce^iramide Sodium; 
CeQ>itome Sulfate; Cefpodoxime Proxedl; Cefprozil; Cefioxadine; Ce&ulodin Sodiunu 
Cefiaadime; CefUbutm; Ceflizoxime Sodium; Ceflriaxone Sodium; Cefuroxime; 
Cefuroxime Axetii; Cefuroxime Pivoxetil; Cefuroxime Sodium; Cephacetrile Sodium; 
Cqshalexin; Cephalexin Hydrochloride; Cephaloglycin; Cephaloridine; Cephalodiin 
Sodium; Cephapirhi Sodium; Cephradine; Cetocycline Hydrochloride; Cetophcnicol; 
Chloramphenicol ; Chloramphetdcol Pahnitate ; Chloramphenicol Pantothenate Complex 
; CSiloramphenicol Sodium Succinate; Chlorhexidine Phosjdianilate; Chloroxylenol; 
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Chlortctracydbe Bisulfiite ; Chlortefra&ycUnB Hydiodiloride ; Cinoxacin; 

Ciprofloxacin; Ciprofloxacm Hydrochloride; Cirolemycin ; Clarithromycin; 

Clinafloxacin Hydrochlwde; CliDdamycin; Clindamycin Hydrochlonde; Clindamycin 

Palmitate Hydiodiloride; Clindamycin Phosphate; Clo&zimine ; Cloxadllin Benzathine; 
s Cloxacillin Sodium; Cloxyquin; Colistimethate Sodium; Colistin Sul&te; Coumennycm; 

Coumermycin Sodium; Cyclacillin; Cycloserine; Dalibpristin; Dapsone ; D^tomycin; 

Demeclocycline; Demeclocycline Hydrochloride; Itoiiecyclinc; Dcnofungin ; 

Diaveridine; Dicloxacillin; Dicloxadllin Sodium; Dihydrostreptomycin Sulfate; 

Dipyrithionc; Dirithromycin; Doxycyclinc; Doxycycline Calcium ; Doxycycline 
10 Fosfatex; Doxycycline Hyclate; Droxacin Sodium; Etioxacin; ^idllin; Epitetracycline 

Hydrochloride; Erytfaromycm; Eiythromycin Acistrate; Erythromycin Estolate; 

Erythromycin Ethylsucdnate; &ytfaromycm Oluceptate; Eiythromycin Lactobionate; 

Erythromycin Propionate; Erytfaromydn Stearate; Etfiambufol Hydrochloride; 

Ethionamide; Flm>xacin; Ploxacillin; Fludalanine; Flumequine; Fosfomydn; 
1 S Fosfomydn Tromediamine; Fumoxicillin; Pura2x>lium Chloride; Furazolium Tartrate; 

Fusidate Sodiun^ Fusidio Acid; Oenfamidn Sulfate; Gloximonam; GramicicUn; 

Haloprogin; Hetadllin; Hetacillin Potassium; Hexedine; Ibafloxadn; Imipenem; 

Isoconazole; Isepamicin; Isoniazid; Josamycin; Kanamycin Sulfate; Kitasamycin; 

Ldvojuraltadone; Levopropyldllin Potassium; Lexitfaromycin; Lincomycm; Lincomycizi 
20 Hydrodiloride; Lomefloxacin; Lomefloxadn Hydrochloride; Lomefloxacm Mes^date; 

Loracarbef, Mafenide; Medocycline; Mecloc^clme Sulfosalicylat^ Megalomidn 

Potassium Pho^hate; Mequidox; Meropenem; Methacydir>e; Mediacycline 

Hydrochloride; Methenamine; Methenamine Hippurate; Methenamine Mandeiate; 

Methidllin Sodium; Metioprim; Metronidazole Hydrochloride; Metronidazole 
25 Pho^bate; Mezlocillin; Mezlodllin Sodium; Mir^cycline; Minocydine Hydrodiloride; 

Mlrincamycin Hydrochloride ; Monensin ; Monensin Sodhim ; Nafcillin Sodium; 

Nalidixate Sodium; Nalidisdc Add; Natamydn; Nebramydn; Neomycin Palmitate; 

Neomydn Sulfate; Neomycin Undecylenate ; Netihnidn Sulfate; Neutramycin; 

Nifiiradene; Nifiiraldezone; Nifiiratd ; Nifoiatrone; Niftirdazil; Ntfijtimide; NifUrpirinol; 
30 Niftiquinazol; Nifurthiazole; NitrocycUne; Nitrofuxantoin; Nitromide; Norfloxadn; 

Novobiocin Sodium; Ofloxadn; Oimetoprim; Oxadllin Sodium; Oximonam; Oximonam 

Sodium; Oxolinic Acid; Qxytetracycline; Oxyteteaqrcline Caldum; Oxytetracycline 
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Hydrochi^de; Paldimycin; Parachlorophenol; Paulomycin; Pefloxadn; Pefloxacin 

Mesylate; PraamecUlin; Penidllin O Brazatbine; Penicillin 0 Potassium; Peaicillin O 

Procaine; Penicillin 0 Sodium; Penicillin V; Penicillin V Benzathine; Penicillin V 

Hydrabamine; Penicillin V Potassium; Penlizidone Sodium; Phenyl Aminosalicylate; 
5 Piperacillin Sodium; Pirbenicillin Sodium; Piridicillin Sodium; Pirlimyctn 

Hydrochloride; Pivampicillin Hydrochloride; Pivampicillin Pamoate; Pivampicillin 

Probenate; Polymyxin B Sulfate; Por&omycin ; Propikacin; Pyraanamide; Pyriftione 

Zinc; Quindecamine Acetate; Quinupristin; Racephwicol; Ramoptanin; Ranimycin; 

Relomycin; Repromidn; Rifabutin; Rifametane; Rifamexil; Rifamide; Ri&mpin; 
10 Ri&pentine; Rifaximin; Ralitetracycline; RoIitetraDycline Nitrate; Rosaramicin; 

Rosaramidn Butyrate; Rosaramicin Propionate; Rosaramicin Sodium Phosphate; 

Rosaramidn Stearate; Rosoxadn; Roxaisone; Roxithromycin; Sancyclin^ Sanfetrinem 

Sodium; Sarmoxidllin; Sarpidllin; Scopafungin ; Sisomicin; Sisomidn Sul&te; 

Sparfloxadn; Spectinomycin Hydrochloride; Spiramycin; Stallimycin Hydrochloride; 
15 Stefifmiycin; Streptomycin Sulfate; Streptenlco2id; Sulfabenz ; Sul&ben2amide; 

Sul&cetamide; Sulfkcetanude Sodium; Sulfacytine; Sulfadiazine Sulfadiazine Sodium; 

Suliadoxine; Sul&lme; Sulfamerazine; Sul&meter; Sulfamethazine; Sul&methizole; 

SuUamefhoxazoIe; Sulfamonomethoxme; Sul&moxole; Sulfanilate Zinc; Sulfanitran ; 

Suliasalazine; Sulfasomizole; Sul&lhiazole; Sulfazamet; Sulfisoxazole; Sulfisoxazole 
20 Acetyl; Sulfisoxazole EHolamin^ Sulfomyxin; Sulopenem; Sultamidllin; Sundllin 

Scdiiim; Talampicillin Hydrodiloride; Telcoplamn; Temafloxacin Hydrochloride; 

Temocillin; T^racycline; Tetracycline Hydrochloride; Tetracycline Phosphate Complex; 

Tetroxo|»im; Thiamphenicol; Thiphendllin Potassium; Ticarcillin Cresyl Sodium; 

Ttcarcillin Disodium; Ticarcillin Monosodium; Ticlatone; Tiodonium Chloride; 
25 Tobramycin; Tobramycin Sulfate; Tosufloxacin; Trimethoprim; Trimethoprim Sulfate; 

Trisulfapyrimidines; Tioleandomydn; Trospectomydn Sulfate; Tyrothridn; 

Vancomycin; Vancomycin Hydrochloride; Vurginiamycin; and Zorbamycin. 

Antiviral agents axe compounds vAiidh prevent infection of cells by viruses or 

replication of the virus within the cell. There are many fewer antiviral drugs than 
30 antibacterial drugs because the process of viral replication is so closely related to DMA 

replication within die host cell, that non-specific antiviral Agents would often be texic to 

ttie host. There are several stages within die process of viral infection which can be 
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blodced or inhibited by antiviral agents. These stages inciudep attachmmt of the vims to 
tiie host eel! (immunoglobulin or binding peptides), uncoating of the virus (e«g. 
amantadine), synthesis or translation of viral mRNA (e.g. interferon), replication of viral 
SNA or DNA (e.g. nucleoside analogues), maturation of new virus proteins Ce<g. 
5 protease inhibitors), and budding and release of tiie vims. 

Nucleotide analogues axe synthetic compounds which are similar to nucleotides, 
but which have an incomplete or abnormal deoxyribose or ribose group. Once the 
nucleotide analogues are m the cell, they are j^osphorylated, producing the trlphosjdiate 
formed which competes with normal nucleotides for incorporation into tiie viral DNA or 

10 RNA. Once the triphosphate form of the nucleotide analogue is mcorporated into the 
growii^ nucleic acid chain, it causes inev^ble association with Ae viral polymerase 
and thus chain tennioation. Nucleotide analogues include, but are not limited to, 
acydovu: (used for the treatment of herpes simple virus and varicella-zoster vims), 
gancydovir (usefUl for the treatment of cytomegalovirusX idoxuridine, ribavirin (usefizl 

15 for the treatment of respiratory syncitial virus), dideoxyinosine, dideoxycytidine, and 
zidovudine (azidothymidine). 

The hit^erons are cytokines ^ich are swKtei by virus-infected cells as well aa 
Immune cells. The interfmns function by binding to specific receptors on cells adjacent 
to the infected cells, causing die change in the cell which protects it from infection by the 

20 * virus, a and p-interfen>n also induce the Kq)ression of Class land Class HMHC 

molecules on the surface of infected ccUb, resulting in increased antigra presentation for 
host inunune cell recognition, a and ^-interferons are available as recombinant forms 
and have been used for the treatn^nt of chronic h^atitis B and C infectioa At the 
dosages which are effective for antt-viral therapy^ int^erons have severe side efifects 

25 such as fever, malaise and weight loss. 

Immunoglobulin therapy is used for the prevention of viral infection. 
Inununcglobulin th^py for viral infections is difiermt than bacterial infections, because 
rather than being antigm-specific, the immunoglobulin th^py functions by binding to 
extracellular virions and preventing them &om attaching to and entering cells which are 

30 8uscq)tible to the viral infection. The ti^rapy is usefiil for the prevention of viral 
infection for the period of time that the antibodies are present in the host. In general 
• tiiere are two types of imnumoglobulin therapies, normal immunoglobulin di^py and 
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hyper-immu&oglobulin therapy. Nonnal immune globulin therapy utilizes a antibody 
product ^ch is prepared from the serum of normal blood donors and pooled. This 
pooled product contains low titers of antibody to a wide range of human viruses, such as 
hq>atitis A, parvovirus, enterovirus (especially in neonates). Hyper-immune globulin 
5 therapy utilizes antibodies which are prepared from die seitun of incUviduals who have 
high titers of an antibody to a particular virus. Those antibodies are then used against a 
specific virus. Examples of hyper-immune globulins include zo^^ immune globulin 
(useful for the prevention of varicella in inrniuno-compromised children and neonates), 
human rabies immuiK>globulin (useful in the post-exposure prophylaxis of a subject 

10 bitten by a rabid animal), hepatitis B immune globulin (useful in die prev^tion of 

hepatitis B virus, especially in a subg ect exposed to the virus), and RS V immune globulin 
(useful in the treatment of respiratory syncitial virus infections). 

Another type of immimoglobuliii thaapy is active immunization. This involves 
the administration of antibodies or antibody fragments to viral sur&ce proteins* Tivo 

15 types of vaccines ^^ch are available for active immunization of hepatitis B include 
serum-derived hq»1itis B antibodies and recombinant hepatitis B antibodies. Both are 
prepared from HBsAg. The antibodies are administered in three doses to subjects at high 
risk of infection mtfa hepatitis B virus» such as health care workers, sexual partners of 
chronic carriers, and infants. 

20 Thus, anti-viral agents usefiil in the invention include but are not limited to 

immimoglobulms, amantadine, interf^n, nucleoside analogues, and protease inhibitors. 
Specific examples of anti-virals include but are not limited to Acemannan; Acyclovir; 
Acyclovir Sodium; Adefovir; Alovudine; Alvircept Sudotox; Amantadim 
Hydrochloride; Aranotin; Arildone; Atevirdine Mesylate; Avridine; Cidofovir; 

25 Cipamfylline; Cytarabine Hydrochloride; Delavirdine Mesylate; Desciclovir; 

Didanosine; Disoxaril; Edoxudinei Enviradene; Envux)xime; Famciclovin Famotine 
Hydrochloride; Fiadtabine; Fialuridine; Fosarilate; Foscamet Sodium; Fosfonet Sodium; 
Ganciclovir; Ganddow Sodium; Edoxuridine; Kedioxal; Lamivudke; Lobucavir; 
Memotine Hydrochloride; Metiiisazone; Nevir^ine; Famciclovir; Pkodavir, Ribaviriiu 

30 Rimantadine Hydrochloride; Saquinavir Mesylate; Somantadine Hydrochloride 
Sorivudine; Statolon; Stavudine; Tilorone Hydrochloride; Trifluiidine; Valacydovir 
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Hydrodiloride; Vidarabtn^ Vidarobine Phosphate; Vidarabine Sodium Phosphate; 

Viroxime; Zalcitabine; 2^dovudine; and Zinviroxiitie. 

Anti-fungal agents are useilil for the treatment and prevention of infective ftmgi. 

Anti-fungal agents are somjetimes classified by their mechanism of action. Some anti- 
5 fungal agents function as cell wall inhibitors by inhibiting glucose ^thase. These 

include, but eire not liniited to, basiungin/HCB, Other anti-fungal agents function by 

destabilizing membrane integrity* These include, but are not limited to, immidazoles, 
' such as clotrimazole^ sertaconzole, fluconazole^ itraconazole^ ketoconazole, miconazole, 

and voriconacole, as well as FK 463, amiAotericin B, BAY 38-9502, MK 991, 
10 pzadimicin, UK 292, butenafine, and teibinafine. Other anti-fimgal agents function by 

breaking down chitin (e.g. chitinase) or immunosuppression (SOI cream). Son^e 

examples of commefcially-available agmts are shown in Table B 
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Anti-fungalAoeil wall inhififaor, 
Bluooaa synthase InNbltor 


Bayer 


Canssten 


Clot/1fna20la 


Fungal Infisetiorta 


brem brans integrity destabiTizer 




FK463 


FK4e3 


Fungal fnltetionK 


Membrane integrity destabillzer 


Myisn 


Sertaconzaoto 


Saitaconziot0 


Fungal Infocfions 


Membrane Integrity destabillzer 


Genzyma 


Chldnue 


Chitinava 


Fungal InfMlons, Systemic 


ChlUn Breakdown 


Liposome 


Abelcel 


Amphotericin B, Liposomal 


Fungal Infections, Systemic 


Mem bran a Integrity desfablllzer 






Amphotericin a. Liposomal 


Fungal Infections, Systemic 


Membrana Integrity destabillzer 


Bayer 


BAY 38-6502 


BAY9&-B6DZ 


Fungal InfecSons, Systemic 


l^embr&ne Integrity destdbUlzer 


pm&t 


Dmuean 


Ruoontzole 


Fungal Infections, ^ystemte 


Membrnne Int^rity dcstabilizer 


Johnson a Johnson 


Sporanox 


llraoonaz^e 


Fungal (nnecdons, Systemic 


Membrane integrity destebiUzer 


Sepracor 


ltr6ConzoleC2Rp4S) 


llr8oonzoladM,4^^ 


Fungal Inftefions, Syatemic 


Membrane infegrity destebHIzer 


Johnson & Johnson 


Nizoral 


Keloconazole 


Fungal Inf^ons, System'io 


Membrane Integrity destabillzer 


Johnson & Johnson 


Monfstat 


Mloonazola 


Fungal Infdetions, Systemic 


Membrane integrity dastabBlzer 






MK991 


Fungal IntMlons, Systemic 


Membrane Integrity destabillzer 


Bristol Myenao'b 


Pradirnfcln 


^dlmlcin 


Fungal infeeOons, Systemic 


Mernbrane Integrity destabtllzer 


l=?E5 


bk-ai.B83 


lJk-2S2. 663 


Fungal tnf^ons. Systemic 


Membrane Integrity destabnizer 


Pfkor 


Voriconazole 


Voriconazole 


Fungal Infections. Systemic 


Membrane Integrity dastebfllzer 


PMylan 


901 Cream 


KM Cream 


inflanvnatory Fungal 

Condifions 


Imniunosuppresslon 


Mylan 




Bulenoflne . 


Nsll Fungus 


Membrane Integrt^Dratsblliser 


Schering Plough 


Anti Fungal 


AnirFungal 


Opporfuniatic In^Mions 


Membrane Integrtty Destabilieer 


Alza 


MyoelM Troche 


ClDtrimazofe 


Oral Thrush 


Membrane Integrity StebtEser 


Novartis 


LamiBli 


TsrtinafinB 


Systemic Fur^al Irifactibne, 
dnychcmycosls 


Membrane Integrity DestabtlisBr 



inus. the anti-tungal agents usetui m the mvenbon mciude but are not limited to 



15 imidazoles, FK463, amphotericin B, BAY 38-9502, MK 991, pradimicin, UK 292, 

butenafine, chitinase, 501 cream, Acrisorcin; Ambruticin; Amorolfine> An^hoterioin B; 
Azaconazole; Azaserine; Basiflmgin; Bifonazole; Biphenamine Hydrochloride ; 
Bispyritbione Magsuifex ; Butoconarole Nitrate; Calcium Unde^ienate; Candicidin; 
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C&ibol-Fuchsin; Chlordantoin; Ciclopiiox; Cidopirox Olamioe; Cilofungin^ 
Ciscoofizole; Clotrimazole; CiQiriinyxiii ; DenofUngiii ; Dipyiithione; Doconazole; 
Econazole; BcoAazole Nitnit^ Eniloonazole; Ethonam Nitrate; FenticonazDle Nitrate; 
Filipin; PKioonazole; Flucytosine; FuQi^mycin; Griseoiulvin; Hamycin; Isoconazole ; 
5 Itraconazole; Kalaftmgin; Ketoconazole; Lomofungin; Lydimycin; Mepartricin ; 
Miconazole; Miconazole Nitiate; Manensin ; Monensia Sodium ; Naitifine 
Hydrochloride; Neomycin Undecylenate ; Nifuratel ; Nifunnerone; Nitralamine 
Hydrochloride; Nystatin; Octanoic Acid; Orconazoie Nitrate; Oxiconazole Nitrate; 
Oxiiungin Hydrochloride; Farconazole Hydrodiloride; Partiicin ; Potassium Iodide ; 

10 Proclonol ; Pyritfiione Zinc ; Pyirolnitrin; Rutamycin; Sanguinarium Chloride ; 
Saperconazob; Scopaiungin ; Selenium Sulfide ; Sinefungin; Sidconazole Nitrate; 
Terbinafine; Teroonazole; Thiram; Tidatone ; Tioconazole; Tolddate; Tolindat^ 
Tohiaftat^ Triacetin; Triafungin; Undecjdenic Acid; Viridofiilvin; 21inc Undecylenate; 
aiul Zinoconazole Hydrochloride. 

15 Immunostimulatoiy nucleic acids can be combined with other therapeutic agents 

saidi as adjuvants to enhance immune responses. The immunostimulalory nudeic add 
and otfier dimpeutic agent may be admhiistered simultaneously or sequentially. When 
the other therapeutic agents are adminisfered simultaneously they can be administered in 
the same or s^arate formulations, but are administered at the same time* The other 

20 therapeutic agents are administered sequ^tially with one another and with 

immunostimulatofy nucleic acid, when the administration of the other therapeutic agrats 
and the immunostimxiIatOTy nucldc acid is tenr^orally separated. The separation in time 
between the administration of tiiese compounds may be a matter of minutes or it may be 
long^. Other therapeutic agents include but are not limited to adjuvants, cytokines, 

23 antibodies, antigras, etc. 

The immunostimulatory nucleic adds are useful as adjuvants for inducing a 
systffltiic immune response. Thus dther can be deliv^ed to a subject exposed to an 
anti^n to produce an enhanced munune response to the antigen. 

In addition to the immunostimulatory nucldc acids, the con^ositions of the 

30 invention may also be administered with non-nucleic add adjuvants. A non-nucldc add 
acyuvant is any molecule or compound except for the immunostimulatory nucldc acids 
desmbed herein which can stimulate ttie humoral and/or cdlular immune response. 
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Non>iuioleio acid adjuvants indude, for instance^ adjuvants that create a depo effect^ 
immune stimulating adjuvants, and adjuvants that create a d^o effect and stimulate the 
immune system. 

An adjuvant that creates a depo e£fect as used herein is an adjuvant tiiat causes 
3 die antigen to be slowly released in the body, ttius prolonging the exposure of immune 
cells to the antigen. This cU^s of adjuvants includes but is not limited to alum (e.g., 
aluminum h3rdroxide, alummum pho^ate); or emulsi(m-based formulations including 
mineral oil> non-min^al oil, waf er-in-oil or oil-in-water-in oil emulsion, oil-in-water 
emulsions sudi as Seppic ISA series of Montanide adjuvants (e.g., Montanide ISA 720, 

10 AirLiquide, Paris, France); MF-59 (a squal^e-in^watw emulsion stabilized with Span 85 
and Tween ZO; Chiron Corporation, Emeryville, CA; and PROVAX (an oil-in-water 
emulsion containing a stabilizing delogent and a micelle-forming agent; IDEC» 
Phantiaceuticals Corporation^ San Diego, CA). 

An inunune stimulating adjuvant is an adjuvant that causes activation of a cell of 

IS tl^ unmune system. It may» for instance* cause an immune cell to produce and secrete 
^kmes. This class of a<$uvants includes but is not limited to as^mns purified fiom 
the baric of the gL st^onarla tre^ such as QS21 (a glycolipid that elutcs in the 21^^ peak 
witii HPLC fractionation; Aqxiila Biopbarmaceuticals, Inc., Worcester, MA); 
poly[di(carboxylatophenoxy)phos|^az^e (PCPP polymer; Virus Research Institute^ 

20 USA); derivatives of lipopolysaccharides such as monophosphoryt lipid A (MPL; Rlbi 
ImmunoChem Research, Ino,, Hamilton, MT), muramyl dipeptide (MDP; Ribi) and 
threonyl-muramyl d^jeptide (t-MDP; Ribi); OM-174 (a glucosamme disacdiaiide related 
to lipid A; OM Pharma S A, Meyrin, Switz^land); and Leishmania elongation factor (a 
purified i/eiir/zmaTifa protein; CorixaQMporation, Seattle, WA). 

25 Adjuvants that oreote a depo effect and stimulate the immune system are those 

compounds whidi have both of the above- identified functions. Tills class of a^uvants 
indudes but is not lunited to ISCOMS (Immunosdmulating complexes which contain 
mixed saponins^ lipids and form vhrus-sized particles with pores that can hold antigen; 
CSL, Melbourne, Australia); SB-AS2 OSmithKline Beedbam adjuvant system #2 ^idi 

30 is an oU-u>water emulsion containing MPL and QS2 1 : SmithKline Beecham Biologicals 
[SBB], Rixensart, Belgium); SB-AS4 (SmithKlme Beecham adjuvant systmi #4 which 
contains alum and MPL; SBB, Bel^um); non-ionic block copolymers that form micelles 
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sudi as CRL lOOS (ftese contain a linear chain of hydrophobic polyo>qpropylaie flanked 
by diains of polyoxyethyiene; Vaxcel, Inc., Norcross, OA); and Synt» Acljuvant 
Foimulation (SAF, an oil-in-water ermilsion ccMitabiing Tween 80 and a nonionic block 
copolym^; Syntcx Chemicals, Inc., Boulder, CO). 
5 The imnnim)stimulatory nucldc acids are also useiul as mucosd adj^^ It 

has previously beeti discovered that botii systemic and mucosal immunity are induced by 
mucosal delivery of CpG nudeic acids. The systemic Immunity induced in response to 
CpG nucleic acids included both humoial and cell-mediated responses to specific 
antigws that were not capable of inducing systemic immunity when administered alone 

10 to the mucosa. Furth^tnore, both CpG nucleic acids and cholera toxin (CT, a mucosal 
adjuvanl that induces a Th2-Iike response) induced CTL, This was surprising since wi& 
systemic immmuzation, the pres^ice of Th2-like antibodies is normally associated with a 
lack of CTL (Sdiirmbeck et al., 1 995). Based on the results presented herda it is 
expected the icmmnostimulatory nucleic acids will function in a similar manner, 

IS Additionally^ the inununostimulatoiy nucl^ acids induce a mucosal response at 

both local (e*g., lung) and remote (eg., lower digestive tract) mucosal sites. Significant 
levels of IgA antibodies are induced at distant mucosal sites by die immunostimulatory 
nucleic acids. CT is genra^ally considered to be a highly effective mucosal adjuvant* As 
has been previously reported <Snide(r 199S), CT induces predominantly IgGl isctype of 

20 antibodies, which ore indicative of Th2-type response, In contrast, the 

immunostimulatory nucleic acids are more Thl with predominantly IgG2a antibodies^ 
especially after boost or when the two adjuvants are combined* Thl -type antibodies in 
general have better neutralizing capabilities, and furthermore^ a Th2 response in the lung 
is highly undesirable because it is associated with asthma (Kay, 1996, Hogg> 1997). 

25 Thus the use of immunostmiulatory nucleic adds as a mucosal adjuvant has benefits tiiat 
other mucosal adjuvants cannot achieve. The immunostimulatory nucleic acids of die 
invention also ate useftil as mucosal adjuvants for induction of both a systemic and a 
mucosal immune response, 

Mucosal adjuvants referred to as ncm-nucleic add mucosal adjuvants may also be 

30 adnuiustered with the Immunostimuktory nucleic acids. A nm^micleic acid mucosal 
adjuvant as u^ herein is an adjuvant other than a immunostimulatory nucleic acid that 
is capable of indudng a mucosal immune respond in a subject when administered to a 
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muoosal sur&ce in conjunction with an antigen. Mucosal adjuvants include but are not 
limited to Bacterial toxins e.g.. Cholera toxin (CT), CT derivatives including but not 
limited to CT B subunit (CTB) (Wu et a(., 1998, Tochilnibo et al., 1998); CTD53 (Val to 
Asp) (Fontana et al., 1995); CTK97 (Val to Lys) CFontana et aL» 1995); C'rK.104 (Tyr to 
5 Lys) (Fontana et al. 1995); CTDS3/K63 (Val to Asp, Ser to Lys) (Fontana et al. » 1 995); 
CTH54 (Arg to His) (Fontana et aL, 1995); CTNIO? (His to Am) (Fontana et al., 1995); 
CTEI 14 (Ser to Glu) (Fontana etal., 1995); CTEl 12K (Glu to Lys) (Yaraamoto et al., 
1997a); CTS61F (Serto Phe) (Yamamoto etal., 1997a, 1997b); CTS106(Pro to Lys) 
(Douce et al., 1997, Fontana et aL, 1995); and CTK63 (Serto Lys) (E>ouce et al., 1997, 

10 Fontana et al., 1995), Zonula occludsns toxin, zot, Bsdisrichia coli beat-labile 

enteiDtoxiit, Labile Toxin (LT), LT derivatives including but not limited to LT B subunit 
(LTB) (Verweij et al., 1998); LT7K (Arg to Lys) (Komasc et al., 1998, Douce et al., 
1995^ LT61F (Ser to Phe) (Komase et al., 1998); LTl 12K (Ghi to Lys) (Komase et al.. 
1998); LTIISE (Qly to Olu) (Komase et al„ 1998); LT146E (Arg to Glu) (Komase et al., 

15 1998); LT192G (Aig to Gly) (Komase et al., 1998); LTK63 (Ser to Lys) (Marchetti et 
al., 1998, Douce et aln 1997, 1998, Di Tommaso et aL, 1996); and LTR72 (Ala to Arg) 
(Giuliani etal., 1998), Pntussis toxin, FT. (Lydce et al., 1992, Spangler BD> 1992» 
Freytag and Clemments, 1 999, Roberts et 8l.» 1995, Wilson et al., 1995) inchiding PT- 
9K/129G (Etob^ et aL, 1995, Cropl^ et al., 1995); Toxin derivatives (see below) 

20 (Hobngrm et al., 1993, Veiweij et al., 1998, Rai^uoli aL, 199S, Freyt^ and 

Clements, 1999); Lipid A dmvatives (e.g., monophosphoryl lipid A, MPL) (Sasaki et al., 
1998, Vancott et al., 1998; Muramyl Dipeptide (MDP) derivatives O'ukushiniaet al., 
1996, Ogavva etal., 1989, Michalek et aL, 1983, Morisaki etaL, 1983); Bacterial outer 
membrane proteins (e.g., outo* surface protein A (OspA) lipoj^xitein of Borrelia 

23 burgdorferi, outer membrcm protim of Neisseria meningitt^)(^animo et al., 1 999, 
Van de Verg et al., 1996); Oil-m-watw emulsions (e.g., MF59) (Barchfield et al,, 1999, 
Versdiooretal., 1999, 0'Hagan, 1998); Aluminum salts (Isaka etal., 1998, 1999); and 
Sapmins (e.g., QS21) Aquila Biopharmaoeuticals, Inc., Worsto*, MA) (Sasald et al.. 
1998, MacNeal et al., 1998), ISCOMS, MF-59 (a squalene-h)-water emulsion stabilized 

30 with Span 85 and Tween 80; Chiion Corporation, Emeryville, CA); the Seppic ISA 
series of Mbntanide adjuvants (e.g., Montanide ISA 720; AirLiquide, Paris, Fiance); 
PROVAX (an oiUin-watn onulsirai containing a stabiliang detergent and a micelle- 
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ibrmiDg a%m% IDEC Pharmaceaticals Coiporation» San Di^, CA); Syntext Adjuvant 
Fonnulation (SAF; Byntex Chemicals^ Inc.» Boulder, CO); 
poly[di(caTboxyIatophen0:Qr)pho8phazene (PCPP polymer; Virus Research Institute^ 
USA) and Leishmania elongati<m factor (Corixa Coiporation, Seattle, WA). 
5 Immune responses can also be induced or augmented by the co-administration or 

co-linear expression of cytokines (Bueler & Mulligan, 1996; Chow et al,, 1997; Geissler 
et fli.. 1997; Iwa^ et a/,, 1997; Kim et al., 1997) or B-7 co-stimulatoiy molecules 
(Iwasald et al., 1997; Tsuji et al., 1997) with the IramunostLmulatory nucleic acids. The 
cytokines can be administered directly with Immunostimulatory nucleic acids or may be 

10 administered in the form of a nucleic acid vector that encodes the cytokine, such that the 
cytokine can be repressed In vrva. In oiie ^bodiment, the cytokine is administered in 
the form of a plasmid »pression vect<Mr. The tenn cytokine is used as a gensic name ibr 
a diverse group of soluble proteins and peptides which act as humoral regulators at nano- 
' to picomolar concentrations and v^ch, either und^ normal or pathological conditions^ 

15 modulate the fimctional activities of individual cells and tissues, These proteins also 
mediate interacticns between cells directly and regulate processes taking place in the 
extracellular envircmmrat. Examples of cytokines include^ but are not limited to IL-1 , 
IL-2, IL-4, IL-5, IL-6, IL-7, IL-IO, IL-12, IL-15, IL-18, granulocyte-macrophage colony 
stimulating &ctor (OM-CSF)» granulocyte colony stimulating fkotor (G-CSF), int^eron- 

20 y (y-IFN)> IFN-a, tumor neoosis fiwtor (TNP), TGF-p, FLT-3 ligand, and CD40 ligand. 
Cytokines play a role in directing the T cell response. Helper (CD4-h) T cells 
orchestrate the immune response of mammals through production of soluble factors that 
act on other immune system cells, including other T cells. Most mature CD4+ T hdper 
cells express one of two cytokine profiles: Thl or Th2. The Thl subset promotes 

23 delayed-type hypersensitivity, cell-mediated unmunity, and immunoglobulin class 
switching to IgG2a> The Th2 subset induces humoral immunity by activating B cells, 
promoting antibody production^ and inducing class switching to IgGi and IgB. In some 
embodimait5» it is preferred that the cytokine be a Thl cytokine. 

The nucleic adds are also useful for redirecting an immune response firom a Th2 

30 immune response to a Thl immune response. Rediiecdon of an immune response firom a 
ThZ to a Thl immune response can be assessed by measuring the lev^s of cytokines 
produced in response to the nudeic acid (^.g., by inducing monocytic cells and other 
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cells to produce Thl cytokines, including IL-12, IFN-y and GM-CSF)* The redirection 
or rebalence of the immune response bom a Th2 to a Thl response is particularly useful 
for the treattnrat or prevoition of asthma. For instance, an effective amount for treating 
asthma can be that amount; useful for redirecting a Th2 type of hnmune response that is 

5 assodated with asthma to a Thl typ^ of response. Th2 cytokities, especially IL-4 and IL- 
S are elevated In the airways of asthmatic subjects, These cytokines promote important 
aspects of the asthmatic inflammatory response, including IgE isotype switching, 
eosinophil chemotaxis and activation and mast cell growth* Thl C3rtokii^s, especially 
IFN-y and IL-12, can suppress the formation of Th2 clones and production of Th2 

10 cytokines* The immunostimulatory nucleic acids of the invention cause an increase in 
Thl ^tokines ^ch helps to rehalance the immime system, preventing or redudng the 
advise effects associated with a predomhuutcly Th2 unmune response. 

The nucleic adds are also useflil for improving survival, differentiation^ 
activation and maturation of dendritic cells. The immunostunulatory nucleic acids have 

15 the unique cq>ability to prc^note cell survival, differenttatioru activation and maturation 
of dendritic cdls, Dendritic precursor cells isolated fiom blood by immunomagnetic cell 
sortmg develop morphologic and fonctional characteristics of doidritic cells during a two 
dayincubadonwidiGM-CSF. Without GM-CSF these cells undergo appptosis. The 
immunostimulBtory nucleic acids are superior to GM-CSF in promoting survival and 

20 difE^entiafion of dendritic cells (NQIC H expression, cell size, gmimlarity). The 
immunostimulatory nucleic acids also induce maturation of dendritic cells. Since 
dendritic cells form the Imk between the innate and the acquired immune system, by 
presenting antigens as well as through their expression of pattern recognition receptors 
whidi detect microbial molecules like LPS in their local environment, the ability to 

25 activate dradritic cells with unmunostimulatoiy nucleic acids s\^^rts the use of these 
unmunostimulatory nucleic add based strategies for in vivo and ex-vivo immunotherapy 
E^ainst disorders such as canc^ and allergic or infectious diseases. The 
immunostimulatory nucleic acids are also useful for activating and uiducing maturation 
of dendritic cells. 

30 Immunostimulatory nucleic acids also increase natural kill^ cell lytic activity 

and antibody depmdent cellular cytotoxicity (ADCC)« ADCC can be performed using a 
immimostimulat«7 nucleic add in combination with an antibody spedfic for a cellular 
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targetp such as a cancer cell. When the immiinoatimulatory nucleic add is admkdstmd 
to a subject in coiuunction witii the anftbcKiy the subjects immune system is induced to 
kill the tumor cell* The antibodies usefbl in the ADCC procedure include antibodies 
which interact with a cell in the body. Many suc^ antibodies specific for cellular targets 
S have been described in the art and many are commerdally available. Examples of these 
antibodies are listed below amoi^ the list of cancer immunotherapies. 

The immunostimulatory nucleic acids may also be administered in conjunction 
with an anti-cancer theit^. Anfi-cai^er therapies include cancer medicaments^ 
radiation and surgical procedures. As u^d herein, a ''cancer medicament"' refers to a 

10 agent which is administ^ to a subject fer the purpose of treating a canco:. As used 
herein^ "treating canc^'' includes preventing the devdopment of a cancer, reducing the 
symptoms of canca, and/or inhibiting die growth of an established cancer. In other 
aq)ect&» the cancer medicament is administered to a subject at risk cff developing a cancer 
for the purpose of reducing the risk of developiog the cancer. Various types of 

1 5 medicaments for tiie treatment of cancer are described berrau For the purpose of this 
specification^ cancer medicaments are classified as chemothesrapeutic agents, 
immunotherapeutic agmts, cancer vaccines, hormone ther^y, and biological response 
modifiers* 

As used barein, a "cancer medicamenf * refers to an agmt which is administ^ed 
20 to a subject for the purpose of treating a cancer. As used herein^ ^Hreating cancer** 
includes prevrating the development of a cancer, reducing the sympton^ of cancer, 
and/or inhibiting the growth of an established cancer. In other aspects, the cancer 
medicament is administored to a subject at risk of developing a cancer for the purpose of 
reducing the risk of dcvelopii^ the cancer. Various types of medicaments for the 
25 treatment of cancer are described herein. For the purpose of this specification^ cancer 
medicaments are classified as diraiotherapeutic agents» immunotherapeutic agents^ 
cancer vaccines, horm<»ie therapy, and biological response modifiers. Additionally, the 
methods of the invention are intended to embrace the use of more dian one cancer 
medicament aloi^ with the umnunostimulatory nucldc adds. As an example^ vdiere 
3D appropriate, the immunoslunulatory nucleic acids may be admim^stered with a both a 
diemother^eutic agent and an immunotherapeutic agent Alternatively, the cancer 
medicament may embrace an immunotheiapeutic agoit and a cancer vaccine, or a 
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diemotheiapeutic agent and a cancer vaccine^ or a chemothmpeutic agent, an 
immunotfaerapeutic agent and a cancer vaccine all administered to one subject for the 
pmpose of treating a subject having a caxicer or at ri$k of developing a cancer. 

Cancer medicaments function in a variety of ways. Some cancer medicamente 

5 worlc by targeting physiological mechanisms tiiat are specific to tumor cells. Examples 
include the targeting of specific genes and their gene products (i.e., proteins primarily) 
wliich are mutated in cancm. Such genes include but are not limited to oncogenes (e.g.^ 
Ras, Ucrl, bcl-2), tumor suppressor genes (e.g., EGF, p33, Rb), and cell cycle targets 
(e.g., CDK4^ p21, telomerase). Cancer medicaments can alternately target signal 

10 transduction patibiways and molecular mechanisms which are altered in cancer cells. 

Targetmg of cancer cells via the epitopes expressed on thrar cell sur&ce is accon^lished 
through the use of monoclonal antibodies* This latter type of cancer medicament is 
genially referred Id herein as immunotherapy* 

Other cancer medicaments taiget cells other dian cancer cells. For example, 

15 some medicaments prime the immune system to attack tumor cells (i.e., cancer 

vaccines). Still other medicamrats, called anagenesis inhibitors, fun<$tion by attacking 
the blood supply of solid tumors. Since die most mali^ant cancers are able to 
metastasize (Le., exist the primary tumor site and seed a distal tissue, thereby forming a 
secondary tumor), medicaments that impede this metastasis are also useful fax the 

20 treatment of canc^. Angiog^c mediators include basic POF, VEGF» angiopoiedns, 
angiostatin, endostatin, TNFa, 'nsfP-470, thrcmbospondin-1 , platelet factor 4, CAI, and 
certain mmibers of the integrin &mily of proteins. One category of this type of 
medicameot is a metalloproteinase inhibitor, which inhibits the enzymes used by the 
cancer cells to exist die primary tumor site and extravasate into another tissue. 

25 Some cancer cells are antigenic and thus can be targeted by the immune system. 

In one aspect, the combined administration of inmiunostimulatory nucleic acids and 
cancer medicaments, particularly those which are classiiied as cancer immunotherapies, 
is usefiil for stimulating a specific immune response against a cancer antigen. A "cancer 
antigen*^ as used h^n is a c(mipound, such as a peptide^ associated with a tumor or 

30 cancer cell surfiice and which is capable of provoking an immune response whrai 
expressed on the surface of an antigen presentii^ cell in the context of an MHC 
molecule. Cancer antigens, such as those present in canca: vaccines or fhose xised to 
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prepare canc^ immunotherapies^ can be prepared from crude canco: cdl extracts, as 
described in Cohea» et al.» 1994, Cancer Research^ 54:1055, or by partially purifying tbe 
antigens, using recombinant technology, or de novo syntiiesis of known antigens. 
Cancer antigms can be used in the form of immunogenic portions of a particular antigen 
5 or in some instances a wiiole cell or a tumor mass can be u^ as the antigen. Such 
antigens can be isolated or pr^ared recombinantly or by any other means known in the 
art. 

The theoiy of immune surveillance is ^at a prime AmcticKi of the immune system 
is to detect and eliminate neoplastic cell$ before a tumor forms. A basic principle of this 

1 0 theory is that cancer cells are antdgemcally different fiom normal cells and thus elicit 
immune reactions that are similar to those that cause rej ection of immimolc^cally 
incompatible allografts. Studies have confirmed that tumor cells di&r, either 
qualitatively or quantitatively, in their expression of antigens. For «ample> "tumor- 
specific antigens*' are antlgeais that are specifically associated with tumor cells but not 

IS normal cells. &can:^>les of tumor specific antigens are viral antigens in tumors induced 
by DNA or RNA viruses, ^umor-associated** antigens are present in both tumor cells 
and normal cells but are present in a different quantity or a different form in tumor cells. 
Examples of such antigens are oncofetal antigens (e.g„ caicinoembryoruc antigen), 
differentiation antigens (e.g., T and Ta ant^ens), and oncogene products (e.g., 

20 HER/neu). 

DiffcTCTt types of cells that can kill tumor targets in vitro and in vivo have been 
identified: natural killer cells (NK cells), cytolytic T lymplK>cytes (CTLs), lymphokine- 
activated killer cells (LAKs), and activated macrophages. NK cells can kill tumor cells 
without having been previously sensitized to specific antigens^ and the activity does not 

23 require the presence of class I antigens encoded by the major histocotrq^atibility complex 
(MHC) on target cells. NK cells are thought to participate in Ac ccHitrol of nascent 
tumors and in the control of metastatic growth. In contrast to NK cells, CTLs can kill 
tumor cells only after they have been sensitized to tumor antigens and whea the target 
antigen is e)qiresGed on the tumor cells that also express MHC dass 1. CTLs are though 

30 to be effector cells in the rejection of transplanted tumors and of tunK>rs caused by DNA 
viruses. LAK cells are a subset of null lymphocytes distinct fiom the NK and CTL 
populations. Activated maciophages can kill tumor cells in a manner that is not antigen 
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dependoat DOr KfHC restricted once activated Activated macrophages are tfaxoiigh to 
decrease the growtfi rate of die tumors they infiltrate. In vitro assays have identified 
other immune mechanisms sudi as antibody*dq)endenl, ceii-mediated cytotoxic 
reactions and lysis by antibody plus complement. Howevo'^ these immune efTector 

5 mechanisms are thought to be less unportant in vivo than fiie fimction of NK, CTLs^ 
LAK, and macrophages in vivo (for review see Piessens, W.P., and David, J., *Tumor 
Immunology", In: Scientific A menVjin Medicine , Vol. 2, Scientific American Books, 
N.Y.,pp, 1-13, 1996. 

The goal of immunofhcrapy is to augment a patient's immune re^onse to an 

s 0 established tumor. One method of immunotherapy includes the use of adjuvants. 

Adjuvant substance derived from micmoiganisms, such as bacillus Calmett&Ouerin, 
heighten tte immune refuse and rahanoe resistance to tumors in animals, 

Immuno1her^)euttc agents are medicaments which derive fiom antibodies or 
antibody fragments which ^edfically bind or recognize a cancer antigen. As used 

15 herdn a cancer antigen is broadly defined as an antigra ejqnessed by a canc^ ceil. 
Preferably, the antigen is pressed at the cell surface of the cancer cell. Even more 
pref(»:ably, the antigen is one whidi is not pressed by normal cells, or at least not 
expressed to the same level as in cancer cells. Antibody^ibased immunofber^ies may 
fimction by binding to the cell sur&ce of a cancer cell and thereby stimulate the 

20 endogmous immune system to attack the canc^ cell. Another way in which antibody- 
based therapy functions is as a delivery system for (he specific targeting of toxic 
substances to cancer cells. Antibodies are usually conjugated to toxins such as ricdn 
(e.g.» fiom castor beansX calicheamicin and maytansmoids^ to r^oactive isotopes such 
as Iodine-131 and Yttrium-90, to chcmotherapeutic agents (as described herein)^ or to 

25 biological response modifiers. In tiiis way> the toxic substances can be concentmted in 
the region of the cancer and non-specific toxicity to normal cells can be minimized In 
addition to the use of antibodies which are specific for cancer antigens, antibodies which 
bind to vasculature^ such as those which bind to endothelial cdls, are also usefiil in the 
invention. This is because generally solid tumors are dependent upon newly formed 

30 blood vessels to survive^ and thus most tumors are c^ble of recruiting and stbnulating 
the growth of new blood vessels. As a result, one strategy of many cancer medicaments 
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is to attack the blood vessels feeding a tumor and/or the connective tissues (or stroma) 
supportiDg such blood vessels* 

The use of immunostimulatoiy nucleic acids in exjunction wiA 
inimunotherq)eulic agents such as monoclonal antibodies is able to iru^rease long-term 
5 survival through a numb^ of mechanisms including significant enhancment of ADCC 
(as discussed above), activation of natural IdKer (NK) cells and an increase in IFNa 
levels. Hie nucleic acids \^en used in combination with monoclonal antibodies serve to 
reduce the dose of the antibody required to achieve a biological result 

Examples of cancer immunotherapies which are currently being used or which 
10 are in development are listed in Table C. 

TajleC 



Ctmcer ImmfffHnhsrapiss ittDevelapmefitoronthiMarkei 





BRAND NAME (GENERIC NAME) 


INDICATION 


IDEC/Oenenteeh, IncyHoffln&jm- 
LaRoche (first monoclonal 
antibody Licensed for die 
treatment of cancer in the U>S.) 


RttQxan^ (ritnximab, Mabtbera) ([DEC- 
C2B8, chimeric mmine/human anti-CDlO 
MAb) 


non-Hodgkin'a lymphoma 


Geoentech/Hoffinami-La Roche 


Herceptin, anti-Her2 hMAb 


Breast/ovBrian 


Cytogen Corp. 


Quadreimet (CYT-424) radiotherapc^utic agent 


5(»l& metastases 


Centocor/GIaxo/Ajmomoto 


Panorex® (17-1 A) (murine monoclonal 
antibody) 


Adjuvant ther^y for 
colorectal (Dnkcs-C) 


CentDcor/AJbuxnoto 


Panorex<ft (17-] A) (chimeric nrarine 
monoclonal antiboc^) 


Pancreatic, lung, breast, 
ovaty 


IDEC 


IDB&Y2B8 (murine, anti-CD2Q MAb 
labeled with YtCrium-90) 


non-HodgJdn^B lymhoma 


ImCIone Systems 


BBC2 (anti-idictypic MAb, mimics the ODa 
epitope) (with BCQ) 


Sznall cell lung 


ImCIoae Systms 


C32S (dbimeric monoelonal antibody to 
^idennel growth &ctor receptor (EOFt)) 


Renal cell 


Techniclone Intemational/Alpha 
Tberapeuticj 


Oncolym (Lym-1 monoclMial antibody 
Iin]cedtol31iDd'me) 


noiirHodgkin*B lymphoma 


Prot&in Design Labs 


SMART Ml 95 Ab, humanized 


Acute tnyleoid leukemia 


Techniclone 

Corporation/Cambridge Antibody 

Technology 


"*ILYM.l (Oncolym^) 


noii-Hodgkin*s lymph{»na 


Aronex Pbamiaceuticals, Inc. 


ATRAGEN® 


Acute promyelocytic 
leukemia 


rmClone Systems 


C225 (chimw-ic anti-EGFr manodona) 
antibody) + cisplatia or ladiation 


Head & neck, non-small 
cell lung cancer 
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Altarex, Canada 


Ovarex (B43.13» antFidiotypic CA125, 
moose MAb) 


Ovarisut 


fVnilfM' PhflnHA ^l^litiindl ip^eiilftt 

have been positive, but fhe drug 
has b&en a&aociated with 
significant bone inaiTow toxicity) 


ftAyyer fantLi^IY7i^ VfaK bihAlMt with '^'A 


iioii*xiougiun 8 lympncHna 


Aronex PhaimaceuticaVp Inc. 


ATRAGEN® 


Kaposi's sanxmia 


CorpyCenentech 


PftiivtkTiTM ^\AA\> af^A^nM- ^*T%9y)^ nflfi>R Ah Ift 

juiuxan,"^ ^jyiAD agaitiai pBii*o /id in 
combo, wi^ chemodierapy 


o ecu lympnoms 




IjUiT'Mj^ nUJVlMQ iU uJv ICU&VLYIC alllllCCll 

CAMPATH 


^lijiiiiiw ly ix 1 puovy uc 

teukffiniaCCLL) 




iSX V* ^nml L^L'Oi ijjuruie r^UwJ \^ 1 k/l^ 




Med8xex/Noifaiti8 


MDX''2L0 (humanized Biiti-H£R-2 bispecific 
antS>ody) 


Breast; ovarian 


MedHnx/NovartiB 


MDX-210 QwmBnized Bnti-HER-2 bi^wcific 
antAKKly) 


Prostate, ooiirsmall cell 
loi^ pancreatic^ breast 


Meihroc 


MDX-11 (:complemeiit activating receptor 
(CAR) monoclonal antibody) 


Acute myeiogenous 
leukemia (AML) 


Medarex/l^ovaitis 


MDX»210 (humanized ami*HER-2 bispecific 
aut9x)dy) 


Renal and colon 


Medsrex 


MDX-l 1 (comploieut activating receptor 
(CAR) monoclonal antibody) 


Ex vivo bone marrow 
purging in acute 

myCiOgBnOUQ lCUK£mia 

(AML) 


Medam 


MDX-22 (humanized bi^pedfic antibody, 
MAb-c<»ijugates) (coTDptenent cascade 
activators) 


Acute myleoid leuk^ia 


Cytogen 


OV103 (Yttrhim-90 labelled antibody) 


Ovarian 


Cytogen 


OV103 (Yttrfum-90 l^led antibody) 


Prostate 


Aronex Pharmaceutical, Inc, 


ATRAGHN® 


non-Hodglcin'a lymphoma 


Glaxo Wellcome pb 


3622W94 MAb ttat binds to EOP40 (1 7-1 A) 
poncardnoma antigen on adenocarcinomas 


non-small cell lung, 
prostate (adjuvant) 


Cenentech 


Anti-VBGF, RhuMAb (inhibits angiogenesis) 


Lun&tHeast.pnntate. 


Protein Design Lobs 


Zenapax (SMART Anti-Tac (IL-2 receptor) 


Leukemia, lymphoma 


Protein Design Labs 


SMART M195 Ab, humanized 


Acute promyelocytic 
leukemia 


ImClone Syatems 


0225 (chimeric antl-EOFr monoclonal 
antibody )-f-taxo] 


Breast 


ImCIone Syateme (1^^^^ 
RPR) 


C225 (chimeric enti-BOFr monoclonal 
antibody ) ^ doxonibtctn 


prostate 


ImClone Systems 


0225 (chnneric anti-BOPr monoclonal 
antibody ) -f- adriamycin 


prostate 


ImClonc Systems 


BEG2 (anti^ldiotypic MAb. mimics the GD^ 
epitope) 


Melanoma 


Medarex 


MDX-210 (humanized antl^HER*2 bispecific 


Cancer 
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antibody) 




Medarex 


MOX-Z20 (bispecific for tumora that express 
TAO-72) 


Lung, colon, prostate^ 
ovarian, endometrial, 
pancreatic and gastric 


Medarex/Ngvartis 


MDX-2I0 (humanized antt-HBR-2bi8peciftc 
andbody) 


Prostate 


Medarex/Merck KgaA 


MDX-447 (humanized and-BGF rector 
bispedfic antibo^) 


BOP receptor cancers 
(head & neck^ prostate, 
lung» bladder^ cervical, 
ovarian) 


Medarex/NovBTtiB 


MDX-2IQ (humanized antt-HER-2 blspecific 
antibody) 


Comb. Thwapy with Q- 
CSF for various cancers* 
esp. breast 


IDBC 


MELIMMUNE-2 (murine mc^iocloziai 
andbodv theraoeutlc vaccfaie ) 


Melanoma 


IDBC 


MELIMMUN&l (murine monodooal 
antibody therap^tic vaccine ) 


Melanoma 




CEACIDP^(H3I) 


Colorectal and other 


NcoRx 


PretarEfit^ rAdio&ctivB antibodieK 


non-Kfflds1rtii*s B cfiii 

lymphoma 


^fArnnhartn Biotech- Inc 


KovoMA^G2 ( PMiganeifionia soccific Afa^ 

a ▼ wiTAfm v^^^aP \uwaa^iA%^iaAwaaa0 OjfVwtP SmJ^M 




Cambridge Antibody Technology 


TNT fbhrmttic MAb to hirtonA antisena^ 


Brain 


Teclmklone International/ 
Cambridge Antibody Technolo^ 


TNT (chimeric MAb to hlstone antigens) 


Brain 


Novopbarm 


Oliomab-H (Monoclooals - Humanizsed Abs) 


Brain, melanomas^ 
neuroblBstc3mas 


Geneticd Inrtttute/AHP 


<SfMi-iil6 Mot 


Colorectal 


Merck KgaA 


EMD-720QO (dihn^D»BGP antagonist) 


CancR- 


Immimamedics 


Lym^icCide (humanized LL2 antibody) 


tton-Hodgkbi'sB-cell 
lymphoma 


Immunex/AHP 


CMA 676 (mQAOCloual antflXHjty cotuugate) 


Acute myelogenous 
leukemia 


Novopharm Biotech> Inc. 


Nfonophaim-C 


Colon, lung, pancreatic 


Novopbaim Biotech, Inc. 


4B5 anti-idiotype Ab 


Melanoma, saaall-cell 
lung 


Center of MoLecular Immunology 


ior egf)^ (anti EGF-R humanized Ab) 


Radioimmunotlier^y 


Center of Molecular Immunology 


lor cS (murine MAb colorectal) tbr 
Fadioimmunothenqiy 


Colorectal 


UFcauvB isiojyiojccuiev 
Chiron 


iaAiS9 ^DiosynuiBuc amioony cmKung ania/ 
Proteins 


ureas cancer 


ImClotto Systema/CbDgai 


FLK-2 (monoclonal antibody to fecal liver 
kinase-2(FLK-2)) 


Tumor^asaodated 
angiogeneals 


IramunoOciuIhc. 


Humanized MAb/small-drug conjugate 


Small-cell hing 


Medarex, Inc. 


MDX-260 bupedfic, targ^ db-2 


Melanoma^ glioma. 
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neuroblastoma 


Procyon Bjopharma, Inc. 


Al^AAb 


Cancer 


Protein Design Labs 


SMARlT IDIO Ab 


B-cell lymphoma 


Protein D&sign L$bs/Novarti& 


SMART ABL 364 Ab 


Brewt, long, oohn 


Immunomedics; Inc. 


ImmuRAlT-CEA 


Colorectal 



Yet other types of chemotherapeiitic ag^ which can be used according to the 
invention include Aminoglutethimide, Asparaginase, Busul&n, Carboplatin, 
Chlorombucii, Cytarabine HCI» Dactinon^cin, Daunonibicb HCl, Estramusfine 

5 phosphate sodium, Etoposide (yP16-213), FloxuridiM, Fluorouracil (5-FU), Flutamide, 
Hydroxyurea (bydroxycarbamide), Ifosfamide, Interferon Al&-2a, Al&-2b, Leuprolide 
acetate (LHRH-releasing factor analogue), Lomustine (CCNU), Mecblorethamine HCl 
(ttitrogen mustard), MercaptopuriDC^ Mesna, Mitotane (o.p -DDD)» Mitoxantrooe HCl, 
Octreotide, Plicamycin. Procarbazine HCl, Streptozocin, Tamoxifen dtrate, 

10 Tbioguanine, Thiotepa, Vinblastine sul&te, Amsacrine (m-AMSA)» Azadtidine, 

Erthropoietiru Hexamcthylmdamine (HMM)> Interleukin 2, Mitoguazone (methyl-GAG; 
methyl glyoxal bis-guanylhydrazone; MGBO), Pentostatin (2*deoxycoformycin)> 
Semustine (methyl-CCNU), Teniposide (VM-26) and Vindesine sulfate. 

Cancer vaccines are medicaments which are inteiided to stimulate an endogenous 

15 immune response against cancer cells, Cunrenfly produced vaccines predominantly 
activate the humoral immune system (i,e., ttie antibody dependent immune response). 
Other vacdnes cuxrentiy in development are focused on activating the cell-mediated 
immune system inchidiiig cytotoxic T lymphocytes ^idi are capable of killing tumor 
ceUs. Cano^ vacdnes generally ^ihance the presratation of canc^ anti^ns to both 

20 antigen presenting cells (e.g., macrophages and dendritic cells) and/or to other immune 
cells sudi as T cells, B cells, and NK cells. 

Although cancer vaccines may take one of several forms, as discussed in&a, their 
purpose is to deliver cancer antigens and/or cancer associated antigens to antigen 
presenting cells (APC) in Qider to fedlitate the endogenous processing of such antigens 

25 by AFC and the ultimate presratati<xi of antigen presentation on the cell surface in the 
context of MHC class I molecules, One form of cancer vaccine is a whole ceil vacdne 
which is a preparation of canc^ cells vMch have been removed from a subject, treated 
ex vivo and then reintroduced as whole cells in the subject Lysates of tumor cells can 
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also be used as coooer vacdnes to didt an inuniine response, Anoti^r fbnn canc^ 
vaccine is a peptide vacdne which uses cauoer-specific or canc(»r-associated small 
proteins to activate T cells. Cancer-assodated proteins are proteins which are not 
exclusively expressed by cancer cells G-e.» other normal cells may still express these 
5 antigens). However, the expressicm of cancer-associated antigens is generally 

consistently upregulated with cancers of a particular type. Yet another form of cancer 
vaccine is a d^idritic cell vaccine \^ich includes \^4iole dendritic cdls wtiich have been 
exposed to a cancer antigen or a cancer-as^ciated antigen in vitro. Lysates or 
membrane fractions of dendritic cells may also be used as cancer vaccines. Dendritic 

10 cell vaccines are able to activate antigen-presenting ceils directly. Other cancer vaccines 
include gangliosidc vaccines^ beat-shock protein vaocmes, viral and bacterial vaccines^ 
and nucleic add vaccines. 

The use of immunostimulatory nudeic adds in conjunction with canctt vaccines 
provides an improved antigen-specific humoral and cdl mediated immune response, in 

15 addition to activating NK cells and endogenous dendritic cells, and increasing IFNa 
levels. This rahancemmt allows a vaccine wth a reduced antigen dose to be used to. 
achieve the same bweficial effect. In some instances, canc^ vaccines may be used 
along vnlh adjuvants, such as those described above. 

As used herdn, the tenns "canc^ antigen" and 'tumor antigen" are used 

20 interchangeably to refer to antigens which are chffra'^itially expressed by cancer cells 
and can thereby be exploited in oider to target cancer cells. Cancer antigens are antigens 
which can potentially stimulate apparently tumor-specific immune responses. Some of 
these antigens are encoded, although not necessarily expr^sed, by normal cells. H^se 
antigens can be diaracterized as those which are normally silent (i.e., not expressed) m 

25 normal cells, those that are expressed only at c^lain stages of differentistion and tiiose 
that are temporally expressed swh as ^bryooic and fetal antigens. Other cancer 
antigens are encoded by mutant cellular genes, sudi as oncogenes (e.g., activated ras 
oncogene), suppressor gwes (e,g.» mutant pS3X fusion proteins resulting from miemal 
deletions or chromosomal translocations. Still otiier cancer antigens can be encoded by 

3 0 viral genes such as those carried on RNA and DN A tumor viruses. 

Otii^ vaccines take the fomi of dendritic cells which have been exposed to 
canc«r antigens in vitro, have processed the antigens and are able to express the cancer 
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antigens at their cell surface in the context of MHC molecules for eSbctive antigen 
]nresentation to other immune system cells. 

The immunostimulatary nucleic acids are used in one aspect of the inv^on in 
conjunction with cancer vaccines vdiich are dendritic cell based. A dendritic cell is a 

5 professional antigen presentmg cell. Dendritic cells form the link between tte innate and 
the acquired immune system by presenting antigens and through their expression of 
pattern recognition receptois which detect microbial molec;des like LPS in theb local 
envuonment. Dendritic cells efficiently internalize, process^ and present soluble specific 
antigen to which it is e:q)Osed. The process of int^nalizing and presenting antigen 

10 causes rapid upregulotion of the expression of major histocompatibility comply QSiC) 
and costimulatciy molecules, the production of cytokines, and migration toward 
lymphatic oi^ans where they are believed to be mvolved in the activation of T cells. 

Table D lists a variety of cancer vaccines which are either currently being used or 
are in development. 



is TafrUffP 



Comer Vaccines in Deyelopmeftt or (mike Market 




BRAND NAME (GENERIC NAME) 


INDICATION 


Center of Molecular 
[mmunoiogy 


EOF 


Cancer 


C«nter of Molecular 
[mmunoiogy 




Ganglioside cancer 
vaecine 


Center of Molecular 
Immunology 


AnCi-idiotypic 


Cancer vaccine 


ImClone Systems/Memorial 
SloaxirKetlBriE^ Cancer Cmter 


Gp75 antigpi 


Melanoma 


ImClone Systems/Memorial 
SJoan-Kettering Cancer Center 


And-idiotypicAbs 


Cancer vaccines 


Progenies PharmeLcmitical&. ho. 


GMK melanoma vaccine 


Melanoma 


Progenies PharmaceoticaJSp Inc, 


MGV ganglioside conjugate vaccine 


Lymphoma, 
Gol(»'6CtBl» lung 


Corlxa 




Breast, ovarian 


AltaRex 


Ovarex 


Ovarian 


AVAX Technologies Inc. 


M-Vax, autologous whole cell 


Melanoma 


AVAX Technologies Ino. 


O-Vax, autologous whole cell 


Ovarian 


AVAX Technologies Inc, 


L^VaXy autologous whole cell 


Leukemio^AML 


Biomira Inc/Oiiiwi 


Theratope, S'ni-KLH 


Breast, Colorectal 
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Birailra Inc. 


BLP25, MUC- 1 peptide vaccitic cncapaulated 
in liposoma) delivery ^tcm 


Lune 


Biommlnc 


BLP23, MUC-1 peptide vaccine encapsulated 
in liposomal delivery system Liposomal IL- 
2 


Lung 


Biomtra Inc. 


Liposomal idiotypic vaccine 


Lymphoma B-ceil 
tnalignanciea 


TUbi Ixnmunochem 


Meladne, cell !^sate 


Melanoma 


CorixB 


Peptide Bntigen&» microsphere delivery sysem 
and LeIF adjuvant 


Breast 


Cortxa 


Peptide antignu, microsphere delivery sysem 
andLelPad^vant 


Prostate 


CorixB 


Peptide antigens, microsphere deliv^ sysem 
and LeIF adjuvant 


Ovarian 


CorixB 


Peptide M&g&is, microsphere delivery sysm 
and LeIF adjuvant 


Lymphoma 


Coriaca 


Peptide antigens, mlcrospliere delivery sysem 

and LeIF adjuvant 


Ltmg 


Vims Researdi Instttute 


Toxin/antigen recombinant deltveiy systm 


All cancH's 


ApoLkm Inc. 


Qenevax-TCR 


T-cell lymphoma 


Bavarian Nordic R^aicb 
[natitutfiA/S 


MV A-based (vaccinia virus) vaccine 


Melanoma 


BioQiem PhanAa/BioQiem 
Vaccine 


P ACIS, BOO vaccine 


Bladcier 


Cantab Phannacauticals 


TA-HPV 


Cervkal 


Cantab Ptiannaceuticals 


TA<3N 


Cervical 


Cantab Ptmimac^iticals 


DISC-Virus, immunotherapy 


Cancer 


Pasteur Merieux ConnauglU 


ImmuCy8t9)/TheraCy$® - BCG 
Immunotherapeutic (Bacillus CabneCte- 
Guerin/Connau^X for intravesical treatment 
of superScial bladder cancer 


Bladder 



As used herein, cb^otheiapentic agents embrace all other forms of cancer 
medicaments which do not fall into Ibe categories of immunotherqieutic a,^nts oi cancer 
vacdnes. Chemothexapeutic agents as used herein encompass both chemical and 
5 biological agents. These agratsfiuKtion to inhibit a cellular activity iTriiichA^ 

cell is d^endent upon for condnued survival. Categories of diemotherapeutlc agoits 
indude alkyladng/alkaloid agents, antimetabolites, hormones or hormone analogs, and 
miscellaneoua antineoplasdc dmgg. Most if not all of these agents are directly toxic to 
cancer cells and do not require immune stimulation. Combination chemothmpy and 
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immunostimulatoiy nucleic add administration increases the Tnflafjmiim tolerable dose of 
chemoHierapy. 

Chemotherapeutic agents w^ch are currently in developnmit or inuse in a 
clinical setting are shown in Table 6. 

5 

Table E 



CMCer Drugs in Deveiopmatt arm the Market 


Marketer 


Brand Namft 




Tndtrflf inn 


Abbott 


TNP 470/AGM 1470 






Takeda 


TNP 470/AGM 1470 




Anti-An@to&eae£is in Cancer 


Scotia 


MeglamioeGLA 


MeglammB GLA 


Bladder Cancer 


JTIBW T lb 


Valstar 


VjklniKiAin 
Y curLwjvm 


inaitucaFcinoma 








Cancer 




Gliaile] Wafer 


Oinniifthline 4* Pnlitfenr Osan 


SfBrhi TYtnriAr 

fiUnill A ULUkM 


Warner Lambert 


Undisclosed Cancer (b) 


Undisclosed Cancer (b) 


Cancer 


Squib 


J^/\k> F'auiCoyL 1 rcUIaiviaeO 
rnfiihiinr 




C&nccr 


NovBBtis 


MMI270 


MMI270 


Cwic^ 






DI\ I IZ-y^Du 


Can£6r 


Mecdc 


Fame^l Ttansferase Inhibitor 


Pamesyl Transferase 
jjinioiLor 


Cancer (Solid tumors - 
panucase^ coion^ ^^gj 

IflCiUib'y 


Pfizer 


PFE 


MMP 


Cancer» angiogeaesis 






1 jlVfSUJKf IVlIlBoC 




' Lilly 






r^nncftr ^^Ifrl Ti imrypa 

W^UiwOl OVilU I UlllUlSf 


Lilly 


LY 26461 B/Lometexol 




Caacer Solid Tumrm 


Scotia 


Glamoloc 


LiGLA (lithium-gamma 


Cancer, pan^featiCf breastp 


WaTTicr LBmbert 


CI-994 




^IUn*Or| wl/LKl I LmiVlB r 

LfukfiTTllH. 


Scherinjg AG 


An^ofteneais inbibitof 


Addosenesis Inbibifor 


Cancw / Cardio 


Takeda 


WP'470 


n/k 


Malisnanl TumoT 


Smithkline 
Beecham 


Hycazntin 


Topotecan 


Metastatic Ovarian Cancer 


Novftftis 


PKC412 


PKC412 


Nfulti-Drug Resistant Cancer 


Novartis 


Valspodar 


PSC 833 


Myeloid Leukemia/Ovarian 
Cancer 


Imtnuxiox 


Novantrone 


Mhifiuntrone 


Pain related to hormone 
refractory prostate cancer. 


WmxT Lambert 


Metaret 


Suramin 


Prostate 


Genentech 


Anti-VEGF 


Anti-VBGF 


Prostate / Breast / Colorectal 
/NSCL Cancer 


British Biotedi 


BatimasUt 


Da&nastBtCBB94) 


Pterygium 


Elsai 


B7070 


E7070 


Solid Tumors 


Biochem 
Pharma 




BQi-43S6 


Solid Tumors 


Sankyo 


CS-682 


CS-682 


Solid Tumors 


Agouron 


Aa2037 


AG2037 


Solid Tumors 


[DECPbarma 


9.AC 


9>AC 


Solid Tumors 


Agouron 


VEGP/b-FOFIaUbilOts 


V60P/l>>POFIiihiUton 


Solid Tumors 


Agonroii 


AG3340 




Solid TUmots / Macular 
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Degen 


Vertex 


[ncel 


VX-710 


Solid Tumors ■ IV 


Vertex 


VX-853 


VX-853 


Solid TumcKS- Oral 




ZDOlOl(inJ) 


ZD 0101 


Solid Tumors 


Novartis 


ISI641 


1S164I 


Solid Tumors 


Novanls 


ODN698 


ODN698 


Solid Tumors 


Tamibe Seiyako 


TA2516 


Morimistat 


Solid Tumors 


Britiah Biotech 


Marimastat 


Marnna^(BB2516) 


Solid Tumors 


Oelltech 


a)P845 


Aggrecanase Inhibitor 


Solid TumoTs/ Breast 
Cancer 


Chiroscience 


D2163 


D2163 


Solid Tumors / Metastases 


Wanier Lambnt 


PD 18380S 


PD LS3805 




Dalicbi 


DX8951f 




Anti-Cancer 


Daitchi 


Lranonal DP 2202 


Lemonal DP 2202 


Anti-Cancer 


Pujisawa 


PK317 


PK317 


Anticancer Antibiotic 


Chugaj 


Picibanil 


OK-432 


Andmalignant Tumor 


Nycomed 
Amershnm 


AD32/vairubicin 


Valrubiein 


Bladd^ Cancer-Refractory 
Insitu Carcinoma 


Nycomed 
Am«*sham 


MetBstran 


Strontium Derivative 


Bone Cancer (adjunt th^apy, 
Pain) 


Scberxng Plou]^ 


Temoda] 


Temozokmilde 


Brain Tumours 


Solnring Plough 


Temodal 


Temo20lonide 


Brain Tumours 


Liposome 


Evacet 


Doxonibicih, Lipo«)maL 


Breast Cancer 


Nycomed 
Amenham 


Yewtaxan 


Paohtaxei 


Breast Cancer Advanced, 
Ovarian Cancer Advanced 


Bristol Myers 
Squib 


TbxoI 


Paditaxel 


Breast Cancer Advanced, 

Ovarian Cancer Advanced, 
NSCLC 


Roche 


Xeloda 


Capecitabine 


Breast Cancer, Colorectal 
Caiicer 


Roche 


Fujtulon 


Daxiflmidine 


Breast Cancer, Colorectal 
Cancer, Gastric Cancer 


Pbannacia St 
Upjohn 


Adiiamycin 


Doxorubicin 


Breast Cancer, Leukemia 


Ivax 


Cyelopax 


Paclttaxel, Oral 


Breast/Ovarian Cancer 


Rhone Poulenc 


Oral Taxoid 


Oral Taxoid 


Broad Cancer 


AH? 


Novantrone 


Mitoxantrone 


Cancer 


Skjuus 


SPI-077 


Cisplatin, Stealdi 


Cancer 


Hoechst 


HMR1275 


Havopiridol 


Cancer 


Pfizer 


774 


EGFR 


Cancer 


Pfizer 


CP-«9, 754 


RAS Oncogene Inhibitor 


Cancer 


Bristol Myers 
Squib 




Oral Platinum 


Cancer ^ng. Ovarian] 


Bristol Myers 
Squib 


UFT(1^gaftir/Uracil) 


UFT(Tegafur/Uracil) 


Cancer Oral 


Johnson & 
Johnson 


Ergamisol 


Levami^ole 


Cancer Therapy 


Olaxo Welkome 


Bniluracil/776C85 


5PU Enhancer 


Cancer, Refractoiy Solid & 
Cokrectal Cancer 


Johnson & 
Johnson 


&^gami80l 


Levamisole 


Colon Cancer 


Rhone Poulenc 


Campto 


Irinotecan 


Colorectal Cancer, Cervical 
Cancer 


Pharmacia & 
Upjohn 


Camptosar 


Irinotecan 


Colorectal Cancer, Cervical 
Cancer 


Zeneca 


Tomudex 


Ralitrexed 


Colorectal Cancer, Lung 
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Cancer, Breast CaDoer 


Johnson & 
Johnson 


Leustain 


Cladribtne 


Hairy Cell Leukaemia 


lV8X 




Paclitaxel 


Kaposi Sarcoma 


SequuB 


Doxil 


Doxorubicin, ifposomal 


KS/Cancer 


SeqiniB 


Caelyx 


Doxorubiciii) Liposomal 


KS/Cancer 


ScherjngAG 


Fludara 


Phidarabioe 


Leuka^ia 


Upjohn 


Phsnnorubicin 


Bpirubxdn 


Lung/Breast Cancer 


Qilnm 


DepoCyt 


DepoCyt 


Neoplastic Meningitis 


Zeneca 


ZD1839 


zb 


Non Small Cell Lnng 
Cancer, Pancreatic Cancer 


BASF 


wma 


Bis-Naphtalfmlde 


Oncology 


BASF 


LU 103793 


Dolastain 


Oncology 


Shering Plough 


Caetyx 


Doxorubicin-liposome 


Ovarian/Breast Cancer 


LUly 


Gemzar 


Gemcitabine 


Pancreatic Cancer, Non 
Small Cell Lung Cancer^ 
Breast, Bladder and Ovarian 




ZD 0473/Anonned 


ZD 0473/Ancmn^ 


Platinum based NSCL, 
ovarian etc. 


YamaiKnidii 


YM116 


YMiiei 


ProBtatB Cancer 


^ycomed 
Amersham 


SeedB/I-I2S Rapid St 


Lodine Seeds 


PiX9Sta(e Cancer 


Agoiiron 


Cdk4/cdk2 inhibitM^s 


Cdlc4/cdk2 inhibitors 


Solid Tumors 


Agouron 


PARP inhibitore 


PARP tihibitors 


Solid Tumors 


Chirosdcnce 




Dexifosamide 


Solid Tumors 


Brtsto] Mytrs 
Squib 


UFTCregafUr/Uracil) 


UFT(T«g»fur/Ucacil) 


Solid Tumm 


Sankyo 


Krestin 


Kresdn 


Solid Tumors 


AstaMedica 


tiisx/Mesnex 


Ifosamide 


Solid Tumors 


BriitDl Meyers 
Squib 


ifesc/Mesnex 


[fosamide 


Solid Tumors 


Bristol Myer$ 
Squib 


Vumon 


Tempoaide 


Solid Tumors 


Bristol Myers 
Squib 


Paraplatin 


Carbopladn 


Solid Tumors 


BristoL Myers 
Squib 


Plantinol 


CispMn. Stealth 


Solid Tumors 


Bristol Myers 
Squib 


Plantinol 


Cisplatin 


SoHd Tumors 


Bristol Myers 
Squib 


Vepeside 


Btoposide 


Solid Tumors Melanoma 


Z«wca 


ZD 9331 


ZD 9331 


Solid Tumors^ Advanced 
Colorectal 


Chugai 


lYocotere 


Docetaxel 


Solid Tumors, Breast Cancer 


Rhone Poul^c 


Taxotm 


Docetaxol , 


Solid Tumors, Breast Cancer 


Glaxo Weikome 


Prodrag of guanine 
arabinside 


Prodrug of arabinside 


T Cell Leukemia/Lymphoma 
&B Cell Neoplasm 


BristoL Myers 
Squib 


Taxane Analog 


Taxane Analog 


Tflxol follow up 



In one embodiment, tiie methods of the invraticn use immvuiostnnulatory nucleic 
acids as a replacement to the use of IFNa therapy in the treatment of cancer. Currently) 
some treatment protocols cail for the use of IFNa. Since IFNa is produced following the 
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administratiozi of some immunostimulatory nucleic adds, these nucleic acids can be used 
to generate IFNa endc^enously. 

Tbe invmHon also includes a method for induciog antigen non-specific innate 
immune activation and broad spectrum resistance to infectious challenge using the 
5 immunostimulalCMy nucleic acids. The teim antigen non-specific umate immune 

activation as used herein refers to the activation of immune cells other than B cells and 
for instance can include the activation of NK cells, T cells or other immune cells that can 
respond in an antigen independent fashion or some combination of &ese cells. A broad 
spectrum resistance to infectious challenge is induced because the immune cells are in 
10 active form and are primed to respond to any invading compound or microorganism. 
Ti» ceils do not have to be spedfically primed against a particular antigen. This is 
particularly useful in biowarfiEure, and the other drcumstances described above such as 
travelers. 

The stimulation mdex of a particular immunostimulatoiy nucleic acid can be 

IS tested in various immune cell assays. Preferably, the stimiilation index of the 

immunostimulatory nucleic add witii r^ard to B cell proliferation is at least about 5, 
preferably at least about 10, more prefimbly at least about 1 S and most preferably at 
least about 20 as detHmined by incorporation of uridine in a murine B cell culture, 
which has been contacted with 20 pM of nucleic acid foi 20h at 37^C and has been 

20 pulsed with 1 ^Ci of uridine; and harvested and counted 4h later as described m detail 
in PCT PubUshed Patent AppUcations PCTAJSPS/Ol 570 (WO 96/02555) and 
PCT/US97/19791 (WO 98/18810) claiming priority to U.S. Serial Nos, 08/386.063 and 
08/960.774, filed on Februaiy 7, 1995 and October 30, 1997 respectively. For use in 
vivo, for example, it is important that the immunostimulatory nucleic acicfe be capable of 

25 effectively inducing an immune re^ionse, such as, for example, antibody production. 
Immunostimulatory nucleic adds are effective in non-rodent vertebrate. 
Different immunostimulatory nucleic acid can cause optimal immune stimulation 
dependmg on the type of subject and the sequence of the immunostimulatory nucleic 
acid Many vertebrates have been found according to the inv^tion to be responsive to 

30 tfie same class of immunostimulatory nucleic acids, sometimes referred to as human 
specific immunostimulatory nuclric acids. Rodents, however, respond to diSezent 
nucleic adds. As shown herein an immunostimulatDry nucleic acid causing optimal 
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. stimulation in liuznaiis may not gesnerally cause optimal stimulalion in a mouse and vice 
versa. An inununostiinulatoEy nucleic add causing optimal stimulation in humans often 
does^ however, cause optimal stimulatiDn in other animals such as cow, horses^ she^, 
etc. One of skill in the art can identify the ppthnal micleio acid sequences usefiii for a 
5 particular species of interest usmg routine assays described h^in and/or known in the 
art, using the guidance supplied hoein. 

The immunostimulatory nucleic acids may be directly administered to the subject 
or m^ be administered in conjunction with a nucleic add delivery complex. A nucleic 
acid delivery complex shall mean a nucleic acid molecule associated with (e.g, lonically 

10 or covalently bound to; or encapsulated within) a targeting means (e,g. a molecule that 
results in higher affinity binding to target cell (c.g.» B cell surfaces and/or increased 
cellular uptake by target cells). Examples of nucleic acid cteliveiy complexes include 
nucleic acids associated vnih a st^ol (e.g, cholesterol), a Lipid (e.g. a cationic lipids 
virosome or liposome^ or a target cell spedfic binding agent (e.g. a ligand recognized by 

15 target cell q>ecific receptor)* Pte&nred complexes may be sufiBclently stable in vivo to 
prevent significant uncoupling prior to hitemalizatlon by the target cell. However, the 
complex can be cleavabie under approjMriate conditions within the cell so that the nucleic 
add is released in a ftmctional form. 

Delivery vdiicles or ddivwy devices far delivering antigen and nucleic acids to 

20 surfiEices have been desc^bed. The Immunostimiilatory nucleic add and/or the antigen 
and/or other therapeutics may be admimstered alone (e.g., in ^ine or buflT^) or using 
any delivery vehicles known in the art. For instance the following delivery vehicles have 
been de^ribed: Codileates (Gould-Fogerite et al., 1994, 1996); Emulsomcs (Vancott et 
al., 1998, Lowell et al., 1997); ISCOMs (Mowat ct al., 1993, Carlsson et al., 1991, Hu 

25 et., 1998, Mordn et al„ 1999); Liposomes (Childers et al., 1999, Michalek et al., 1989, 
1992, de Haan 199Sa, 1995b); Live bacterial vectors (e.g., Salmonella, Escherichia coli, 
BaciUus calmatte'guerin, Shigella, Lactobacillus) (Hone et al., 1996, Pouwels et al>3 
1998, Chatfidd et al., 1993, Stover et aU 1991. Nugent et al,, 1998); Live viral vectors 
(e.g.^ Vacdnia, adenovirus, Herpes Simplex) (Gallidian et al., 1993, 1995, Moss et al., 

30 1996, Nugent etaL, 1998, Plexneretd.» 1988, Morrow etaL, 1999); Mioospheres 

(Gupta el al., 1998, Jones et aL, 1996, Maloy et al, 1994, Moore et al., 1995, 0'Hagan et 
al., 1994, Eldridge et al., 1989); Nuddc acid vacdnes (Fynan et aL, 1 993, Kuklin et al.. 
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1997| Sasaki et aL, 199S. Okada et al., 1997. Ishii et aL., 1997); Polymers (e.g. 
carboxymethylcelluloae, chitosan) (Hamajima et aL, 1998, Jabbal-Gill et al,, 1998); 
Polymer rings (Wyatt et al., 1998); Proteosomes (Vancott et al., 1998, Lowell et al., 
1988, 1996, 1997); Sodium Fluoride (Hash! et al., 1998); Transgmic plants (Tacket et 
5 al., 1 998, Mason et al.» 1998, Haq et al., 1995); Virosomes (Oluck et al., 1992, 

Mengiardietal,, 1995, Ciyzetal^ 1998); Virus-like particles (Jiang et al., 1999, Leiblet 
al., 1 998). Otb^ delivery vehicles are known in the art and some additional examples 
are provided below in the discussion of vectors. 

The term effective amount of a immunostimulatory nucleic acid refers to the 

10 amount necessary or suffident to realize a desired biologic effect For example, an 

effective amount of a immunostimulatory nucleic acid for inducing mucosal immunity is 
that amount necessary to cause tfie development of IgA in response to an antigen upon 
exposure to the antigen, whereas that amount requited for inducing systemic immunity is 
that amount necessary to cause the developmmt of IgG in re^onse to an ant^en upon 

is exposure to tiie antigen. Combined mth the teachmgsprovi(tedh»ein, by choosing 
among the various active compoimds and weighing &ctars such as potency, relative 
bioavailability » patient body weight, severity of adverse side-effects and preferred mode 
of administration, an effective prophylactic or thmpeutic treatm^ regimen can be 
planned which does not cause substantial toxicity and yet is entirely effective to treat the 

20 particular subject The efi&ctiveamountfer any particular ^{dication can vary 
depending on such factors as tiie disease or condition beii^ treated, the particular 
immunostimulatory nucleic acid being administered, the antig^, the size of the subject^ 
or the sevwity of the disease or condition. One of oidinary skill in the art can 
empirically determine the effective amoimt of a particular immunostimulatory nucleic 

23 acid and/or antig^ and/or other tiiere^utic agent without necessitating undue 
expnimentation. 

Subject doses of the compoimds described herein for mucosal or local delivery 
typically range from about 0.1 |ig to 10 mg p^ admmistration, which depending on tiie 
application could be given daily, weekly, or monthly and any other amount of time 
30 tiierebetween. More typically mucosal or local doses range from about 10 jmg to S mg 
per administration, and most typically from about 1 00 jig to 1 mg, with 2-4 
adnunistrations being spaced days or weeks apart. More typically, immune stimulant 
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doses laqge from 1 |ig to 10 mg per administration, and most typically lO^g to 1 mg, 
with daily or weekly administrations. Subject doses ofthe compounds described lierein. 
for parenteral delivery for the purpose of inducing an antigen-specific immune response, 
wherein Hie compounds arc delivered with an antigen but not another therapeutic agent 

5 are typically S to 10,000 times higher fiian die effective mucosal dose for vaccine 

adjuvant or immune stimulant applications, and more typically 10 to 1,000 time$ higher, 
and most typically 20 to 1 00 times higher. Doses of the compounds described herein for 
parenteral delivery for the purpose of inducing an innate immune response or for 
increasing ADCC or for inditing an antigen specific immune response wi^ die 

10 immunostimulatory nucleic acids are administered in combination with oth^ therapeutic 
agents or in specializaed delivery vehicles typically range irom about 0. 1 ^ to 10 mg per 
administration^ wfaidi dependii^ on the application could be givm daily, weekly, or 
monthly and any o&er amount of time tbmb^een. More typically parenteral doses for 
' these purposes range from about 10 pg to S mg per administradon, and most typically 

1 5 from about 1 00 |xg to 1 mg, with 2-4 administrations being spaced days or wedcs apart. 
In some embo<Uments» however, parenteral doses for these purposes may be used in a 
range of S to 10,000 times higher dian the typical doses described above. 

For any compound described herdn the therapeutically effective amount can be 
initially determined firom animal models. A therapeutically effective dose can also be 

20 determined from human data for CpG oligonucleotides wiiich have been tested bfi 

hximans (human clinical trials have been initiated) and for compounds whidi are known 
to exhibit similar pharmacological activities, such as other mucosal adjuvants, e.g«, LT 
and other antigens for vaccination purposes, for the mucosal or local administration. 
Higher doses are required for parenteral administration. The applied dose can be 

25 adjusted based on tfie relative bioavailability and potency of the adnunistered compound. 
Adjusting the dose to adueve maxinud eSicacy based on the methods described above 
and other methods as are well-known in the art is well within die capabilities of die 
ordinarily skilled artisan. 

The formulations of the invention are administraed in pharmaceutically 

30 acoqjtable solutions, whidi may routinely contain pharmaceutically acceptable 

concentrations of sah^ buffering agents, preservatives, compatible carriers, adjuvants, 
and optionally other therapeutic ingredients. 
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For itBe in tiierapy, an effective amount of the immunostimuIaJDry nucleic add 
can be administered to a subject by any mode that ddiv»:s the nuddc add to the desired 
sur&ce, &g., mucosal^ sy^mic. Administeiing the pharmaceutical composition of the 
present invention may be accomplished by any means known to the skilled artisan. 
5 Preferred routes of administration include but are not limited to oral, parenteral, 
intramuscular, intranasal, intratracheal, inhalation, ocular^ vaginal, and rectal. 

For oral administraticm, the compounds (i.e., immunostimulatory nucleic acids, 
antigras and other thers^utic agents) can be formulated r&dily by combining the active 
com^ound(s) with pharmaceuticaliy acceptable carriers -well known in the art. Such 

10 carriers enable the compounds of the invention to be formulated as tablets, pills, dragees» 
capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a 
subject to be treated. Pharmaceutical prq)arations for oral use can be obtained as solid 
excipient, optionally grinding a resulting mixture^ and processing the mixture of 
granules, aft^ adding suitable auxiliaries^ if desired, to obtain tablets or dragee cores. 

3 S Siutable excipients are, in particular, fillers such as sugars, including lactose, sucrose, 
matmitol, or sorbitol; cellulose preparations such as, for exan^le, maize starch, wheat 
starch, rice starch, potato starch, gelatin, gum tragacantfa, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymetiiyloellulose, and/or 
polyvinylpyrrolidone (PVF). If desired, disintegiuting agoils iiiay be added, sui^ as the 

20 eras-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt tiiereof such as sodium 
alginate. Optionally the oral formulations may also be formulated in saline or buffers for 
neutralizing internal acid conditions or may be administered without any carriers. 

Dragee cores are x^ovided with suitable coatings. For this purpose, concentrated 
sugar solutions may be used, wtiich may optionally contain gum arable, talc, polyvinyl 

25 pyrrolidone, carbq)ol gel, polyethylene glycol, and/or titanium dioxide, lacquer 

solutions, and suitable organic solvents or solvent mixtures. Dyestuils or pigments may 
be added to the tablets or dragee coatings for idraitiiication or to characterize different 
combinations of active compound doses. 

Pharmaceutical preparations whidi can be used orally include puGh-fit capsules 

30 made of gelatin» as well as soft, sealed cqpsules made of gdatin and a plasticizer, such as 
glycerol or sorbitol The push-fit capsules can contairi the active ingredients in 
admixture with filler such as lactose, binders such as starches, and/or lubricants such as 
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ta!c 01 magnesium steaiate and, optionally, stabilizers. In soft cq)sules, the active 
compounds may be dissolved or suspended in suitable liquids, such as Ustty oils, liquid 
parafBn, or liquid polyethylene glycols* In addition, stabilizes may be added. 
Microspheres formulated for oral administrallon may also be used. Such microspheres 
5 have been well defined in the art All formulations for oral administration should be in 
dosages suitable for such administration. 

For buccal administration, the compositions may take the form of tablets or 
lozenges formulated in conventional mami^. 

For administration by inhalation, the compounds for use according to the present 

10 invmtion may be conveniently delivered in the form of an aerosol spray presentation 
from pressurized padm or a nebulizer, with the use of a suitable propellant, e.g. , 
didilorodifluoromediane, trichlorofiuoromethanei, dichlorotetrafLuaroethane, carbon 
dioxide or other suitable ga^ In the case of a pressurised aerosol the dosage unit may be 
determined by providing a valve to deliver a metered amount Capsules and cartridges of 

13 e.g. gelatin fw use ui an inhaler or insufiSator may be formulated contauuog a powder 
mix of the compound and a suitable powder base such as lactose or starch. 

n^e compounds, it is desirable to deliver them systemically. may be 
formulated for parenteral administradon by injection, e.g.^ by bolus Injection or 
continuous infusion. Formulations fbr injection may be presented in unit dosc^ form^ 

20 e.^. , In ampoules or in multi-dose containers, with an added preservative. The 

compositions may take such forms as su^ensions, solutions or emulsioiis in oily or 
aqueous vehicles, and may contain formulatoiy agents such as suspending^ stabilizing 
and/or dispersing agents* 

Pharmaceutical formulations for parenteral administration include aqueous 

25 solutions of the active compounds in water-soluble form. Additionally, suspensions of 
the active compounds may be prepared as appropriate oily ixijection suspensions. 
Suitable lipophilic solvents or vehicles include fktty oils such as sesame oil, or synthetic 
fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injectiorL 
suspensions may contain substances which increase the viscosity of the suspension, sudi 

30 as sodium carboxymethyl ceilulo^^ sorbitol, or dextraiL Optionally, the suspension may 
also contain suitable stabilizers or ag^ which increase the solubiUty of the compounds 
to allow for tiie pn^aration of highly cooc^rtrated solutions* 
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Altmiatively^ the active oompoimds may be in powder fbrtn for conslifiition with 
a suitable vehicle^ e.g.^ sterile pyiogen-firee water, before use. 

The CQmpounds may also be formulated in rectal or vaginal compositions such as 
suppositories or retention enemas^ e.g, , containing conventional suppository bases sui^ 
5 as cocoa butter or otho-glycmdes. 

In addition to the formulations described previously, the compounds may also be 
fomiulated as a depot prq>aration. Such long acting formulations may be formulated 
with suitable polymeric or hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example, 

10 as a sparingly soluble salt 

The pharmaceutical coc^ositions also may comprise suitable solid or gel phase 
carriers or excipLents. Examples of such carri^ or excipients include but are not limited 
to calcium carbonate, calcmm phosphate, various sugars, starches, cellulose derivatives, 
gelatin, and polymers such as polyethylene glycols. 

15 Suitable liquid or solid phamiaceutical preparation forms are, for example, 

aqueous or saline solutions for inhalation, micioencapsulated, encocfaleated^ coated onto 
microscopic gold particles, contained in liposomes, nebulized, aerosols, pellets for 
implantation into the skin, or dried onto a ^laip object to be scratched into the skin. The 
pharmaceutical conipositions also include granules, powdm, tablets, coated tablets, 

20 Cmic;o)c£q)sules, suppositories, syrups, enuilsions, suspensions, creams, drops or 
prepaiations with pratiaded release of active compounds, in whose preparation 
excipients and additives and/or auxiliaries such as disintcgrants, binders, coating agents, 
swelling agents, lubricants, flavorings, sweeteners or ^lubilizers are customarily used as 
described above. The pharmaceutical compositions are suitable for use in a variety of 

25 drug delivery systems. For a brief review of methods for drug delivery, see Langer, 
Science 249:1527-1533, 1990, which is incorporated herein by referwice. 

The immunostimulatory nucleic acids and optionally other thempeutlcs and/or 
antigfUis may be administ»«d per se (neat) or in the form of a pharmaceutically 
acceptable sah. When used in medicine the salts should be pharmaceutically acceptable, 

30 but non-pharmaceutically accqptable salts may conveniently be used to prepare 
pharmaceutically acceptable sahs thereof Such salts inch»ie, but are not limited to» 
those prepared from the following acids: hydroc^oric, hydrobrcmiic, sulphuric, nitric. 
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phosphDiic^ maleic, acetic» sali^lic, p-toluene »ilphDnic» tartariCi citric^ methane 
sxdphanic, fennic, malonic, succiniCi naphthaleiie-2-siilphoniCp and benzene sulphomc, 
AlsOj, sudi salts can be prepared as alkaline metal or alkaline earth salts, such as sodium» 
potassium or calciius salts of the carboxy lie acid group. 
5 Suitable buffering agents indude: acetic acid and a sah (1-2% w/v); citric acid 

and a salt (1-3% w/v); boric acid and a salt (0.5-2.5% w/v); and phosiAoric acid and a 
salt (0.8-2% w/v). Suitable preservatives include benzalkonium chloride (0.003-0.03% 
w/v); chlorobutanol (OJ-0.9% w/v); parabens (0.01-0,25% w/v) and thimerosal (0.004- 
0.02% w/v). 

10 The phaimaceutical compositions of the invention contain an effective amount of 

a Immunostimuiatoiy nucleic add and optionally antigens and/or other theiiapeutic 
agents optionally included m a phannaceutically-acceptable cairio-. The term 
phamiaceutically-acceptable carrier means one or moie compatible solid or liquid filler, 
diluents or mc^sulating substances vAAsh are suitable for administiation to a human or 

15 other vBitehrate animal. The torm ceirier denotes an oi^anic or inorganic ingredient; 
natural or synthetic with which the active ingredioit is combined to fieicilitate the 
application. The components of the pharmaceutical compositions also are capable of 
bdng commingled with the compounds of the present invention* and with each oth^, m 
axnann^ such that there is no mteraction which would substantially impau: the desired 

20 pharmaceutical efildency. 

The immunostimuiatoiy nucleic acids useful in the invention may be delivered in 
mixtures wth addiUonal adjuvant(s)> <riiist therapies, or ant igen(s). A mixture may 
consist of sevml adjuvants in addition to the Inummostimulatoiy nucleic acid or several 
antigens or other therapeutics. 

25 A variety of adnunistration routes are available. The particular mode selected 

will depend, of course, upon the particular adjuvants or antig^ selected, the particular 
condition being treated and the dosage required for therapeutic efficacy. The methods of 
dlis inventloai gen^^Iy speaking, may be practiced using any mode of administration 
tiiat is medically acceptable, meaning any mode that produces effective levels of an 

30 immune response without causing dinically unacceptable adverse effects. Preferred 
modes of administration are discussed above. 
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Thc compositions may conveniently be presented in unit dosage form and may be 
prepared by any of Oie methods well known in the ait of pharmacy. All methods include 
tfie st^ of bringing the compounds into association with a carri^ whic^ constitutes one 
Oft more accessory ingredients. In general, the compositions are prepared by uniformly 
S and intimately bringing the compounds into association with a liquid carrier, a finely 
divided solid carriCT, or both, and then, if necessary, shaping the product. Liquid dose 
units are vials or ampoules. Solid dose units are tablets, capsules and suppositories. For 
treatment of a patient, dq^nding on activity of the compoundp manner of administration^ 
purpose of the immuni2ation (i.e., prophylactic or therapeutic), nature and severity of the 

10 disorder, age and body weight of the patient, difSwrart doses may be necessary. The 
admmistration of a given dose can be carried out both by smgle administration in the 
form of an individual dose unit or eise several smaller dose units. Muhiple 
adminisfiiatiDn of doses at specific intervals of weeks or months apart is usual fbr 
boosting the antigen-specific responses. 

IS Other ddivery syst^s can include time-release, delayed release or sustained 

release delivery systems. Such systems can avoid repeated administrations of the 
compounds, increasing convenience to the subject and the physician. Many types of 
release delivery systems are available and known to those of ordinary skill in tiie art. 
They include polymer base systems such as polyQactide-glycolide), copolyoxalates, 

20 polyc^mlactones, polyesteramides, polyorthoesters, polyhydroxybutyric acid, and 
polyanhydrides. Microcapsules of the foregoing polymm containing drugs are 
described in, for example, U.S. Patent 5,075,109, Deliveiy systems also include 
non-polymer systems that are; lipids including steroh such as cholesterol, cholesterol 
esters and fatty acids or ncutial fats such as mono-di-and tri-glycerides; hydr<^el release 

2S systems; sylastic systms; peptide based systems; wax coatings; compressed tablets 
using conventional bindo^ and excipients; partially fiised implants; and the like. 
Specific examples include, but are not limited to; (a) erosional systems in which an agent 
of the mvention is confined in a form within a matrix such as tiiose described in U.S. 
Patent Nos. 4,452,775, 4,675,189, and 5,736,152, and (b) diffusional systems in which 

30 an active con^onent permeates at a controlled rate fiom a polymer such as desCTbed in 
U.S. Patent Nofi. 3,854,480, 5,133,974 and 5,407,686. In addition, pump-bai^ hardware 
delivery systems can be used, some of which are adapted for impUmtation. 
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The present invention is frmfao: illustrated the following Examples* whidi in 
no way should be construed as fiirtfa^ linuting. The entire contents of all of tfie 
refmKQces (including literatixre xefereoces, issued patents^ published pateit applications, 
and a)-pending patent applications) dted tiitoughout this application are hereby 
5 expressly moorporated by reference. 

Examples 

Materials and Methods: 

OUgodeoxynucleotides: Native phosj^odiester bikI phosphorotiiioate-modified 
ODN were purchased from OpMt)n Technologies (Alameda, CA) and Hybridon 

10 Specialty Products (Milford, MA). ODN were tested for endotoxin using the LAL-a^y 
OLAL-assay BioWhittalow:, Walkersville, MD; lower detection limit 0.1 EU/ml), For in 
vitro assays, ODN were diluted in IE-buffer (10 wM Tiis, pH 7.0, 1 mM BDTA)» and 
stored at -20^ C. For in vivo us^ ODN were diluted in phosphate buffered saline (0. 1 M 
FBS» pH 7.3) and stored at 4''C. All dilutions were carried out using pyrogoi-finee 

IS re^^its. 

Isolation of kaman PBMC and cell culture: P^pheral blood mononuclear 
oeUs (PBMC) were isolated from peripheral blood of healthy volunteers by PicoU-Paque 
density gradient cratrifiigation {Histopaque-1077, Sigma Chemical Co., St Ex>uis» MO) 
as described (Hartmann et aL, 1999 Proc, Natl. Acad. Set USA 96:9305-10). Cells were 

20 susp^ided in RPMI 1640 culture medium suppl^^ited with 1 0% (v/v) heat-imctivated 
(5tf^C, 1 h) FCS (HyClone, Logan, UT), 1.5 mM L-glutamine, 100 U/ml penicillin and 
100 Jig/ml streptomycin (all from Gibco BRL, Grand Island, NY) (complete medium). 
Cells (final concentration 1 x 10^ cells/ml) were cultured in complete medium in a 5% 
C02 humidified incubator at 37^C. ODN and LPS (firom Salmonella typhimurium, Sigma 

25 Chemical Co., St. Louis^ MO) or anti-IgM ^vere used as stimuli. For measurment of 
human NK lytic activity^ PBMC were incubated at 5 x 1 O^/well in 24-well plates. 
Cultures were harvested afier 24 hours, and cells were used as effectors in a standard 4 
hours ^^Cr-release assay against K562 target cells as previously (tescribed (Ballas et aL, 
1996 J.ImmunoL 157:1840-1845). For B cell proUferation, 1 ^Ci of ^thymidine was 

30 . added 1 8 hours before harvest, and the amount of thymidine incorporation was 
determined by sdotillatioa counting at day 5« Standard deviations of the triplicate wells 
were < 5%. 
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Flow cytometry on hnmaii PBMC: Surface antigens cm primate PBMC were 
stained as previously described (Hartmaim et aL, 1998 J. PbarmacoL Bxp. Ther. 285:920^ 
928). Monoclonal antibodies to CDS (UCHTl). CD14 (MSB2}, CD19 (B43), CDS6 
(B159), CD69 (FNSO) and CD86 (2331 [FUM-1]) were purchased &om Phaimingen, San 
5 Diego, CA. IgGi,K (MOPC-21) and IgGib^K (Hartmann et aL, 1999 Ppoc. Natl, Acad. Sci 
USA 96:9305*10) wcr© used to control for non-specific staining. NK cells were 
identified by CDS6 expression on CDH and CD 1 9 negative cells, in^iereas B cells 
were identified by expression of CD19. Flow cytometric data of 10000 cells per ^mple 
wOTe acquired on a FACScan {Beckton Dickinson ImmunocytcMiKtry Systems, San Jose, 
10 CA). Tl^ viability of cells within the FSC/SSC gale used for analysis was examined by 
propidium iodide stafaiing (2 ^g/ml) and found to be higher than 98%. Data were 
analyzed using tfie computer program FlowJo (version 2,5.1 » Tree Star, Inc., Stanford^ 
CA), 

Results: 

1 5 Example 1 : CpG^dependent stimulation ofJnman B cells depends on 

metJ^lation and ODN length. 

Human PBMC vfeK obtained fiom normal donors and cultured for five days at 2 
X 10^ cells/well with the indicated concentrations of the indicated ODN sequences. As 
shown in Table F, human PBMCs proliferate above the background whm cultured with a 

20 variety of dififerent CpO ODN, but also show some proliferation even witii ODN that do 
not contain any CpG motifs. The importance of unmethylated CpG motifs in providing 
optimal immune stimulation with these ODN is demonstrated by the fact that ODN 1840 
(SEQ ID NO. 83) induces 56,603 counts of ^H-thymidine incorporation whereas the 
same T-rich ODN with the CpG motife methylated (non-CpO), 1979 (SEQ ID NO. 222), 

25 induces Iowct, but still hicreased over background, activity (only 18,618 counts) at the 
same concenttadon of 0.6 p.g/ml. The reduced pToliferation at higher ODN 
concentrations may be an artifact of the cdls becoming exhausted under these 
experinnwtal concUtions or could r^ect some toxicity of the higher ODN concentrations* 
Interestingly, shorter ODN containing CpG moti&, such as the 13*14 mers 201S and 

30 201 6, are less stimulatory despite the fact ibat their molar concentration would actually 
be higher since the ODNs were added on the basis of mass rather dm molarity. This 
demonstrates that ODN length may also be an important determinant in the immune 
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e£&cts of the ODN. A ncm-CpO ODN bait slight T-iicfa ODN (aboat 30% T). 1982 (SEQ 
ID NO. 22S), caused only a smell amount of bed^und cell prolifoatiaiL 



Table F 



Oligo Concentratioii 


ODN# 


0.15 ^g/inl 


0.6 ^.g/inl 


2 (ig/ml 


Cues only 


648 


837 


799 


1840 
(SEQ ID NO. 83) 


5744 


56,603 


31,787 


2016 
(SEQ ID NO. 256) 


768 


4607 


20,497 


1979 
(SEQ ID NO. 222) 


971 


18,618 


29,246 


1892 

(SEQ ID NO. 135) 


787 


10,078 


22,850 


2010 
(SEQ ID NO. 250) 


849 


20,741 


8,054 


2012 
(SBQIDN0.252) 


2586 


62,955 


52,462 


2013 
(SEQ ID NO. 233) 


1043 


47,960 


47,231 


2014 
(SEQ ID NO. 254) 


2700 


50,708 


46.625 


2015 
(SEQ ID NO. 255) 


1059 


23,239 


36,119 



Numbers r^mscnt cpm of ^H-thymidine incorporatjon for cultures of human 
5 PBMCs set up as described aboveL 



Example 2, ConcentraiiorHiependem activation of human NK cell activity with 
thymidine-rich ODN. 
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Human PBMCs were cnltiued for 24 hows with a panel of different CpQ or non- 
CpG ODN at two diffe]:ent concentrations, and then tested for their ability to kill NK 
target cells as described previously (Ballas et al., 1996 L Immunol. 1S7: 1 84(^1 84S). 
Killing is measured as lytic units, or L.U. The human donor used in ^s experiment had 

5 a background level of 3 ,69 L,U. which mcreased to 1 80.36 L.U. using die positive 
control, A CpG oligo, 2005 (SEQ ID NO. 246), induced high levels of NK lytic 
function at a low concentration of 0.6, and a lower level at a concentration of 6.0. 
Surprisingly, a T-rich ODN in which the CpO motife of 2006 were methylated (ODN at 
21 17 (SEQ ID NO. 358)) or inverted to GpCs (ODN 21 37 (SEQ ID NO, 886)) retained 

I D Strong immune stimulatory function at die higher ODN concentrations, as shown in 
Table G. These concentration-dependent immune stimulatory effects are not a g^ieral 
property of the phosphoiothioate backbone since the experiments described below 
demonstrate ttiat a poly- A ODN, is nonstimulatory above bacKground levels. Some 
stimulation is seen with a 24-base long ODN in which all of flie base po^ons are 

IS randomized so that A« C, andT will occur at a frequency of 25% in each of the base 
positions (ODN 21 82 (SEQ ID NO. 432)). However> the stimulatory effect of such a 24- 
base ODN is greatly oihanced if it is pure poly-T, in which case stimulation is also seen 
at the lowest concentration of 0.6 pg/ml (ODN 2183 (SEQ ID NO. 433)). In fact, the 
stimulatory activity of ODN SEQ ID NO. 433 at this low concentration is higher than 

20 that of any o&er ODN tested al this low concentration, aside from the optimal human 
* immune stimulatory ODN of SEQ ID NO. 246, In fact, tiie higher ooncratration of ODN 
SEQ ID NO. 433 stimulated more NK. activity than any other phosphorothioate ODN 
except for the strong CpG ODN 2142 (SEQ ID NO. 890), vAdch was marginally higher. 
If the G content of ODN SEQ ID NO. 246 is mcreased relative to the T content by 

25 addition of more Gs, thus resulting in a decrease in the proportion of T niK^leotides the 
immune stimulatory effect of the ODN is reduced (see ODN 2132 (SEQ ID NO. 373)). 
Thus» the T content of an ODN is an important determinant of its immiine stimulatory 
effect Although a polyT ODN is the most stimulatory of the non-CpO ODN, other 
bases are also important in detomining the immune stimulatory effect of a non-CpG 

3Q ODN, ODN 2131 (SEQ ID NO. 372)» in which sligbdy more than half of the bases are T 
and in whidi there are no Qs, is immune stimulatory at a concentration of 6 (ig^ml but 
has less activity than other T-rich ODN. If the 6 A's in ODN 213 1 (SEQ ID NO. 372) 
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are replaced by 6 Gs, the immune stimuktary effect of the ODN can be incieased (see 
ODN 2130 (SEQ ID NO. 371))- 

TableG 

HUMAN PEL CULTURED OVEJtNIGHT WITHOUGOS 



MR 3605 
SR 256 
%SR 7.11 



EFFECTOR 


0.63 


1.25 


2.50 


5.00 


10.00 


20.00 




CONTROL [RMl 














L.U. 


ALONE 


2.65 


5.45 


10.15 


i mm 

17.63 


29.92 


39.98 


3.69 


+ IL2(iOOU/ml) 


35.95 


57.66 


86.26 


100.39 


99.71 


93.64 


18036 


+ 1585(0.6 

ug/ml) 

+ 1585(6.0 

ug/ml) 


3.75 
15.42 


6.10 
31.09 


1Z14 
47.07 


23.70 
73.34 


36.06 
94.29 


43.98 
97.73 


5.48 
35.85 


+ 2006(0.6 

ug/ml) 

+ 2006(6.0 

ug/ml) 


6.71 
6.19 


15.99 
8.18 


26.92 
16.13 


. 44.75 
24.35 


64.12 
39.35 


68.83 
56.07 


16.96 
8.04 


+ 2117(0.6 
ug/ml) 
+ 2117(6.0 

ug/mi) 


4.54 
7.03 


4.73 
10.76 


9.56 
16.90 


18.04 
30.59 


28.57 
52.14 


39.85 
59.46 


3.49 
10.96 


+ 2137(0.6 

ug/ral) 
+ 2137(6.0 
ug/ml) 


4.61 
7.99 


5.35 
10.37 


10.04 
16.SS 


15.16 
32.32 


23.79 
49.78 


37.86 
60.30 


2,57 
11.01 


+ 2178(0.6 
ug/ml) 
+ 2178(6.0 
ug/ml) 


2.88 
4.21 


4.52 
5,03 


11.47 
11.16 


16.05 
16.39 


24.85 
28.22 


34.27 
36,45 


2J7 
2.94 


+ 2182(0.6 

ug/ml) 

+ 2182(6.0 

ug/ml) 


2.42 
4.11 


6,57 
7.98 


10.49 
14.60 


19.73 
26.56 


26.55 
40.40 


35.30 
51.98 


7.59 
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+ 2183 (0.6 


3.73 


8.46 


ug/ml) 






+ 2183 fO 6 


8 86 


12 89 








+ 2140(0.6 


3.78 


5.27 


ug/ml) 






+ 2140^6 0 




13 24 


Ug/ml) 






+ 2141 (0.6 


2.63 


6.34 


ug/ml) 






+ 2141 ^6 0 


4Qft 


IS '^0 


Ug/ml) 






+ 2142(0.6 


3.18 


3.66 


ug/ml) 






+ 1145 1'^ 0 






Ug/ml) 






+ 2143 (0,6 


4,12 


6.90 


ug/ml) 






+ 2143 (6,0 


3.16 


8.40 


ug/ml) 






+ 2159(6.0 


5.05 


11,76 


ug/ml) 






+ 2132(6*0 


4.23 


6.06 


ug/ml) 






+ 2179(6.0 


6.14 


9.49 


ug/ml) 






H- 2180(6.0 


2.37 


8.57 


ug/ml) 






+ 2133 (6.0 


6.S3 


12.58 








+ 2134(6.0 


7.51 


12.14 


ug/ml) 






+ 2184 (6.0 


5.22 


9.19 


ug/ml) 






+ 2185 (6.0 


8.11 


14.77 


ug/ml) 






+ 2116(6.0 


5.58 


10.54 


ug/ml) 






+ 2181 (6.0 


4.43 


9.85 


ug/ml) 






+ 2130(6,0 


3.81 


8.07 


ug/ml) 







• 128- 



15.52 


24.48 


37.78 


56.77 


7^ 


23.08 


41.49 


66.26 


75.85 


16.57 


1230 


20.79 


35.75 


45.62 


5.40 


2U6 


37.96 


60.80 


73.05 


14^2 


10.21 


17.73 


30.93 


43.57 


4^9 


2522 


37.88 


58.47 


69.12 


14^ 


6.99 


14.62 


19.68 


32.52 


1.S6 


25.65 


41.72 


68.09 


73.14 


17.11 


10.77 


22.96 


35.78 


42.94 


5.19 


12J8 


21.69 


34.80 


54.21 


6.64 


21,07 


At 10 

41.12 


51.08 


05.47 


13.19 


10.50 


15.74 


32.08 


AA 

44.06 


4»ol 




>in aQ 
42.48 




/i.B / 


14.a4 




Ota tut 


AA H 

44.33 


Ol.il 


5r.47 


23.10 


38.03 


61.16 


68.36 


14.62 


21.14 


32.46 


54.47 


67,12 


12.98 


17J4 


30.76 


45.35 


63.55 


10.42 


26.27 


40.31 


55.61 


70.65 


15.60 


16-77 


37,82 


59.80 


66.33 


13.07 


17,55 


27.05 


53.16 


69.16 


11.43 


17,11 


27,17 


42.04 


53.73 


8.27 
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■h 2131 (6.0 2.29 6.73 7.30 18.02 32.73 49.06 5.08 
ug/ml) 

+ 2156(0.3 2.50 5.26 8.20 15.95 26.64 33.07 231 
ug/ml) 

+ 2156(1.0 5.91 10.99 17.31 26.97 50.64 63.78 lOM 
ughrU) 

+ 2157(0.3 2.36 4.00 6.65 12.94 24.13 38,86 2.58 

+ 2157(1.0 3.72 9.55 17.15 34.55 52,27 65,33 1LS8 
ug/ml) 

+ 2158(0.3 1,25 2.36 6.90 16.39 15.63 29.82 1.17 
ug/ml) 

+ 2158(1.0 4.73 7.26 11.07 15.55 30.80 43,71 4.16 
x^/ml) 

+ 2118(0.6 1.55 3.38 6.85 13.36 20.15 27.71 1.13 

. + 2118(6.0 2.65 3.88 9.29 12.19 22.47 28.99 U4 

ug/ml) 

Example 3: Induction of B cell proliferation by T^rich non-CpG ODN. 

To assess the ability of T-iich ODN to activate B cell proliferation, human 
PBMCs were stained widi die cytoplasmic dye CSFE, incubated with five days with the 
indicated ODN at eidier 0.15 or OJ ugAnU and then analyzed by flow ^tometry. B 

5 cells were idraitified by gating on cells positive for the lineage marker CD19). CpG 
ODN 2006 was a strong inducer of B cell proliferation^, and diis effect was reduced if the 
CpG motifs were methylated or inverted to GpC as shown in Figure 1 at an ODN 
concentration of 0.3 ug/ml. Tl^ bas^ corr^osition of the ODN appears to be important in 
determining tl^ immune stimulatory eficrt. Reducing the T content of an ODN 

10 substantially reduces immune stirauIaKMy effect, as exemplified by ODN 21 77 (SBQ ID 
NO. 427) in which 6 of the Ts present in ODN 2137 (SEQ ID NO, 886) have been 
switched to A' s, resulting in a greatly reduced immune stimulatory effect The 
importance of T's in the immune stunulatory effect of an ODN is also shown by 
comparison of ODN 21 15 (SEQ ID NO. 3S7) and 21 81 (SEQ ID NO. 431), which differ 

15 in (he 3* end of d^e ODK ODN 2181, in \^ch the 3' end is poiy-T is mote sthnulatoiy 
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than ODN 2116, in which the 3* end is poly-C, despite the &ctfbat bofh ODN hove a 
TCGTCOattheS' end. 

Example 4: B Cell ProUforation Induced by TG Oligonucleotides 
The stimulatory e£Ebcts of TG mottfi are shown in Figure 2. ODN 2137 has the 
5 identical base coiiiposition as ODN 2006, but the CG motifs have all been inverted to 
GC*8 lesultii^ in a CO-ixeB nucleic acid. ODN does however pontain 6 TG 
dinuoleotides. In ODN 2177, all die TQ dinueleotides of ODN 2137 have been Ranged 
to AG. Although ODN 2177 contains only 6 adenines^ it is virtually nonstimnlotory at a 
Generation of 0.2 ^g/ml. For comparison, an ODN 24 bases in length in which each 
10 position is randomized to be any of the four bases (ODN 21 82) induces > 1 2% of B cells 
to proliferate at a concentration of 0.2 ^g/ml. These results indicate that the stimulatory 
effects of ODN 2137 are not simply those of aphosphorothioate backbone, but relate to 
the presence of TG dinucleotides. 

In (^der to det^mine the effect of varying the numb^ of TG dinucleotide motif^^ 
15 ODN 2200 and ODN 2202 were compared, as shown in Figure 2. Both ODN contain 18 
Ts and 6 G3» but in ODN 2200 all of the Gs are consecutive^ so that th^e is only one TG 
dinucleottde» whueas in ODN 2202, the Gs are split as GG dinucleotides throughout 
the ODN so that there are three TGs. ODN 2202 is signiiicantly more stimulatory than 
ODN 2200» consistent with the model tiiat at least three TG motifs hi an ODN are 
20 required for optimal stimulatory activity. It is likely that even higher levels of 

stimulation could be achieved if the TG motifi had beexi optunized as taught h^n. 

Example 5: Effects ofTTG versus TTG motifa. 

F^ure 3 shows the results of experiments conducted to study TG content in terms 
of the relative levels of Ts versus Gs as it relates to tiic stimulatory ef&ct of an. ODN. 

25 . The Figure shows that an ODN in which all of the bases are randomized to be either T or 
G (ODN 21S8 (SEQ ID NO. 90S)) is nonstimulatory at a concentration of 0.2 p.g/ml» 
similar to an ODN in which all of Ae bases are randomized to be either A or G (ODN 
21 89 (SEQ ID NO. 906)). Howev^, at the higher concentratiDn of 2 ^g/ml, the 
randomized T/G ODN 21 88 is significantly more stimulatory. This latter level of 

30 stimulation is still lower than that ^ch occurs with a totally randomized ODN (ODN 
21 82 (SEQ ID NO. 432)). The highest stunulation at low concentrations is seen with an 
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ODN in vAdch. half of tfte bases ore fixed at T and the other half of the bases are 
randomized to be dtho: T or G (ODN 2190 (SEQ ID NO. 907)), Since every other base 
is fixed to be a T» there cannot be any TG motifi. The data in Figure 3 show that 
increasii^ the TG content of an ODN improves its stimulatory activity. 
S In yet other experiments, the results of v^h are not diagrammed herein, ODN 

2190 (SEQ roNO. 907) exhibited a stimulation of NK activity compared to ODN 2188 
(SEQ ID NO. 905) or ODN 21 89 (SEQ ID NO. 906). 

Examplea 6-8 

Irtiroekiction: 

10 Above, we demonstrated that Poly T sequences arable to enhance stimulation (tf 

B and NK cells. Here and bdow we investigate the effect of a variety of non->Q>G T> 
tich ODN as well as Poly C ODN for thnr ability to stimulate human B cells, NK cells 
and monocytes. 

Materials and Methods: 

Oligonucleotides; Phosphorothioate-modified ODN wn« purchased Scorn ARK 
Scimific GmbH (Darmstadt, Gennany). The sequences used were: 1982: 5*- 
tcoaggacttctctcagg1t-3' (SEQ ID NO.: 225), 2006: 5*-tcgt(^ttt%^ttttgtcgtt-3' (SEQ ID 
NO,: 246), 2041: S'-ctggtctttctggtttttftctgg-3' (SEQ ID NO.: 282), 21 17: S'- 
t^gtzgttttgtgt:q;ttftgtzgtt-3* (SEQIDNO.: 3S8),2137: S'-tgcfgcttttgtgcttttgtgctt-3* (SEQ 
ID NO.: 886). 2183: 5*-ttttttttttttttttttttt-3' (SEQ ID NO.: 433), 2194: 5'- 
ttttttttttttttttnttttttttt-3' (SEQ ID NO.: 91 1), 2196: S'-tttttttttttttttttt-3' (SEQ ID NO.: 
913), 5126: 5'-ggttcttttggtccttgtct.3' (SEQ ID NO.: 1058), 5162: 5*- 
tttttttttttttttttttttttttttttt-3' (SEQ ID NO.: 1094), 5163: 5'- 
aaa«fiRaaaan?iaaana}<anaBHHH«aaaa-3' (SEQ ID NO.: 1095), 5168: 5'- 
cccccccccccccccccccococccccccc-3* (SEQ ID NO.: 1096) and 5169: 5'- 
cgcgcgcgcgcgcgcgcgcgcgcgcgcgcg-3* (SEQ ID NO.: 1097). Most ODN were tested for 
LPS content using the LAL assay (BioWhittaker, Belg;cum) (lower detection limit 
O.lEU/ml) also described herein. For all assays ODN were diluted in IE buffer and 
stored at -20°C. AU dilutions were conducted using pyn^^Jree reagents. 



20 
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Cell preparation and cell culture: Human PBMC w»e isolated from pmplieral 
blood of healthy volunteers^ obtained by the Geiman Red Cross (Ratingen, Garmany)> as 
desmbed above in Example 1, but all material were purchased from Life Technologies, 
Germany and were endotoxin-tested. Tor the B cell, NK cell and monocyte activation 
5 assays PBMC were cultured in complete medium at a concentration of 2x10^ cells/ml in 
200^1 in 96 round bottom plates in a humidified incubator at 3TC Different ODNs, 
LPS (Sigma) or IL-2 (R&D Systems, USA) were used as stimuli. At the mdicated time 
points, cells were harvested for flow cytonwtiy. 

Flow cytometry: MAbs used for staining of surface antigens were: CD3, CD14» 

10 CD19, CD56, CD69, CD80 and CD86 (all obtained from Pharmingen/Becton Dickinson, 
Gmnany). For monocytes Fc receptors were blocked using human IgO (Myltenyi^ 
Qermany) as previously described (Bauer, M et al 1999 Immunoiogy 97:699}^ Flow 
cytometric data of at least 1000 cells of a specified subpopulation (B cells^ monocytes, 
NK cells, NKT cells or T cells) were acquired on a FACSCalibur (Becton Dickinson). 

1 S Data were analyzed using the program C^UQuest ^ecton Dickinson). 

NK-medlated cytotoxicity: PBMC vrere cultured overnight wi& or without 
6^g/ml ODN or lOOU/ml IL-2 at 37''C» 5% CO2. The next moining, K-562 target cells 
were labeled with a fluorescent dye, CFSE, as de^bed previously for human B cells 
(Hartmann, a» and A. M Krieg. 2000 d Immunol 164:944). PBMC were added in 

20 different ratios (50: 1, 25:1 and 12.5: 1) to 2x10^ target cells and incubated for 4h at 37*^C. 
Cells weic harvested and incubated with tte DNA-specific dye 7-AAD (Phaimingen) for 
detection of apoptotic cdls. Results were measured by flow cytometry, 

EUSA: PBMC (3x10* cells/ml) were cultured with the specified concentrations 
of ODN or LPS for 24h (EL-6, IFNy and TNFa) or 8h (IL-1 p) in 48 well plates in a 

25 humidified atmo^here at 37**C. Supematants were collected and cytokines wm« 

measured using OPTeia ELISA iCits (Phaimmgen) for IL-6, IFNy and l^a or an Bli- 
pair ELISA assay (Hoelzel, Geroiany) for IL-1 p accordmg to the manuihcturer protocols* 

Example 6: B cell activation induced by ODNs lacking C^G moHfi 
In the Experiments described above in Example 3, we demonstrate that T-rich 
30 ODN were capable of activating B cells. We expand tiiose studies h«e using additional 
ODK and different cell and reagent sources. In a first set of expeiiments, we compared 
the activation pot^rtial of difforat non-CpG T-rich ODNs with the potent known 
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CpG ODN 2006 (SEQ ID NO.: 246). FBMC (2xl0'cells/!ml) of a blood donor (n=2) 
were incubated with the indicated concentrations of ODNs 2006 (SEQ ID NO.: 246), 
2117 (SEQ ID NO.: 358), 2137 (SEQ ID NO.: 886X 5126 (SEQ ID NO.: 1058), and 
S162 (SEQ ID NO.: 1094). Cells were incubated for 48h at 37'C as described above and 

S stained with mAb for CD19 (B cdl maika) and CD86 (B cell activation marker, B7>2). 
^piession was measured by flow cytometry. 

Using differoit oonoenlrations of ODNs, we showed (Fig. 4) that T>rich ODNs 
without a CpG moti^ can induce stimulation of human B cells. ODN 5126 (SEQ ID 
NO.: 105B) which contains only a ungie poIy-T sequoice but is greater than 50% T, 

10 caused high levels of human B cell activation. Although there are same similarities to 
SEQ ID NO.: 246 (e.g. more Aan 80% T/G content), this ODN clearly lacks any known 
immunostimulatary CpG motif Surprisingly, for all tested T-rich ODNs, the highest 
sthnulatory index was obtained at concentrations between 3 and lOiig/mL The highest 
stimulatory index of the tested ODNs was achieved by CpG/T-rich ODN SEQ ID NO.: 

15 246 at 0.4fig/ml. Interestingly, the activity decreased at high concentrationB. 

Poly A, Poly C and Poly T sequences yten synthesized and tested for biological 
activity. PBMC ^lO^cdls/ml) of one representative donor (n=3) were stimulated as 
described above by 0.4]igM, l.Oiig/^ml or lO-O^gi'^l of the following ODNs: 2006 (SEQ 
ID NO.: 246), 2196 (SEQ ID NO.: 913) (Poly T. 18 bases), 2194 (SEQ ID NO.: 91 1) 

20 (Poly T, 27 bases), 5162 (SEQ ID NO.: 1094) (Poly T, 30 bases), 5163 (SEQ ID NO.: 
1095) (Poly A, 30 bases), 5168 (SEQ ID NO.: 1096) (Poly C, 30 bases) and 5169 (SEQ 
ID NO.: 1097) (Poly CG, 30 bases). Ejqyression of the activation marker CD86 (B7-2) 
on CDt9-positive B cells was measured by flow cytometry. 

Fig. 5 demonstrates that the lengdi of the requence, at least for Poly T ODNs, has 

25 an important impact on its activity. A Poly T sequence C{»itaining only 1 8 bases (SEQ 
ID NO.: 913) was shown to be less stimulatory than one widi 27 bases (SEQ ID NO.: 
91 1) or one with 30 bases (SEQ ID NO.: 1094) witha dear rank of stimulation: SEQ ID 
NO.: 1094> SEQ ID NO.: 9n> SEQ ID NO.: 913. Poly A (SEQ ID NO.: 1095) or Poty 
CG (SEQ ID NO.: 1097) sequoices, in contrast, do not induce activatioQ of human B 

30 cells. Suiptismgly it was also discovered that Poly C sequences (SEQ ID NO.: 1096) 
can activate human B ceils at least at high ooncoxtrations (lOMg/ml) (Fig. 5). 
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Two other T-rich ODNs, namely 1982 (SEQ ID NO.: 225) and 2041 (SEQ E> 
NO/. 282) laddng OpO motifs vrare tested for their effect on human B cells. PBMC 
(n='2) incubated ¥dth the indicated concentrations of ODN 2006 (SEQ ED NO.; 
246)» 1982 (SEQ ID NO.: 225) and 2041 (SEQ ID NO.: 282) as described above. B cell 
5 activation (e}q7ressicm of the activatioR marker CD86) vms measured by flow ^rtometry« 

Pig. 6 demonstrates diat T-rich non-CpG ODN are immunostimulalory at 
concentrations higher than l)xg/ml, Incoiporation of a CpG motif into 1982 enhanced the 
immunostimulalozy activity. Elongation with a Poly T sequence did not enhance the 
immunostimulataiy activity of this already T-rich ODN but rather, decreased the 
10 activation potendal slightly. 

Exatt^e 7: IfnmunMHmula&on of non-CpG ODNs is reflected in the 
enkancement of NE activation^ NK cytotoxicity and monocyte acthfotion 

NK celb as well as monocytes were tested for their response to rK>n-CpG ODNs, 
PBMC (2xl0^cells/mr) were incubated with 6|xg/ml of the following ODNs (n^): 2006 

15 (SEQ E> NO.: 246), 2117 (SEQ ID NO.: 3S8). 2137 (SEQ ID NO.: 886), 2183 (SEQ ID 
NO.: 433)» 2194 (SEQ ID NO.: 911) and 5126 (SEQ ID NO,: 1058). After 24h of 
cultivation at 37^C cells were harvested and stained with mAb for CD3 (T cell marker), . 
CD56 (NK cell marlcer) and CD69 (early activation markier) as described above* 
Expression of CD69 on CD56*pC3itive NK cells was measured by flow cytometry. 

20 Fig. 7 shows that for Poly T ODNs similar effects can be observed as described 

in Fig. S. The stimulation of NK cells, like B cells^ may be influenced by the length of 
the ODN. ODN 2183 (SEQ ID NO.: 433) (21 bases) induced activation of NK ceUs but 
to a less^ extent than the longer ODN 2194 (SEQ ID NO, ; 9 1 1) (27 bases), as measured 
by enhanced cxpressicm of \ht early activation marker CD69. ODN 5 126 (SEQ ID NO.: 

25 1058) was also demonstrated to activate human NK cells (Fig. 7). 

It is believed that the anti-tumor activity of CpG ODNs can be assessed by the 
ability of the ODN to enhance NK-mediated cytotoxicity in vitro, ODNs containing at 
the 5^ and 3' ends Bfretches of Poly G were ^wn to result in the highest induction of 
cytotoxicity (Ballas, Z. K., et al. 1996 J. Immunol 157:1840). To invest^ate the 
30 influence of non-CpG T-rich ODN on NK cytotoxicity, we analyzed the effect of the 
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ODNs 2194 (SEQ JD NO.: 91 1) and 5126 (SBQ ID NO.: 1058) on NK-medioted lysis 
(Jeig. Z). NK-mediated lysis of EC-S62 target cdls was measured after over night 
incubatioii of PBMC with 6|ig/h)i of ihe ODN 2006 (SEQ ID NO.: 246), SEQ ID NO.: 
911 (SEQ ID NO.: 91 1 ) (Poly T, 27 bases) and 5126 (SBQ ID NO.: 1058) as described 
5 above. SEQ ID NO.: 1 058 dononstrated small increases in lysis by human NK cells as 
compared to no ODN. SEQ ID NO.: 911 and SEQ ID NO.: 246 enhanced human NK 
cell cytotoxicity to an even higher extent 

Previous reports demonstrated that not only NBC cells but also NKT cells are 
mediators of ^otoxic responses to tumor cells (14). We, thnefbre^ looked at Hie 

10 potential activation of human NKT cells by T-rich non-CpG ODN. PBMC of one 
reptesentadve donor (i^2) were incubated widi 6^g/tel ODN 2006 (SEQ ID NO.: 246)» 
2117 (SEQ ID NO.: 358), 2137 (SEQ ID NO.: 886X 2183 (SEQ ID NO.: 433), 2194 
(SEQ ID NO.: 913) and 5126 (SEQ ID NO.; 1058) for 24h as described above. 
Activation of NKT cells was measured by flow cytometry afto* staimog of cdls with 

15 mAb for CD3 (T cell maiker), CD56 cell marker) and CD69 (eady activation 
maiker). Shown is the expression of CD69 on CD3 and CD56 double-positive cells 
(NKT cells). 

In Fig. 9, SEQ ID NO.: 911 as well as SEQ ID NO.: 1058 wei« found to 
stimulate NKT cdls. Similar to NK cells SEQ ID NOi: 911 (Poly T) was more active 
20 &an SEQ ID NO. 1058. In addition, as described above for B cells and NK cells, the 
length of the ODN has some influence on the immonostimulatory potential, with the 
longer ODN hxvitig stronger efiects on NKT celts. Similar results wore obsnved for 
human T cells. 

Another type of cell of the immune system involved in fighting infections is the 
25 manooytes. These cells release upon activation a variety of cytokines and can mature 
into dmdritic cdls (DC), professional anfigen-iwesenting cells (Roit^ I., J. Brostof^ and 
D. Male, 1998. Imimtnohgy. Mosby, London). Fig. 10 i^ows activation of human 
monocytes after cultuiing of PBMC with differmt ODNs. PBMC (2x1 0^ odls/ml) were 
incubated with 6^g/ml 2006 (SEQ ID NO.: 246), 21 17 (SEQ ID NO.: 358), 2137 (SEQ 
30 ID NO.: 886X 2178 (SEQ ID NO.:1096), 2183 (SEQ ID NO.: 433). 2194 (SEQ ID NO.: 
911), 5126 (SEQ ID NO.: 1058) and 5163 (SEQ ID NO.: 1095) overnight at 37*C as 
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described above (n'^^J). Cdls were harvested and stained for CD14 (monocyte marker) 
and CD80 (B7-I, activation marker). Expression was measured by flow cytometry. 

As demonstrated above for NK and B cells, T-rich sequences (e.g,, SEQ ID NO.: 
433» SEQ ID NO.: 911) of different iengdi induce monocyte stimulation but have 
5 different levels of activity e.g., SEQ ID NO,: 433> SEQ ID NO.: 91 1 . Poly A (SEQ ID 
NO.: 1095) as well as Poly C (SEQ ID NO.: 1096 (2178) sequen^^cs, in contrast, didnot 
lead to activation of monocytes (measured by the v«)regulation of CD80 at a 
concentration of 6>ig/ml ODN). 

Example 8: Induction of cytokine release by n^n^CjpG ODNs 

10 Next flbe ability of differmt T-ridi ODNs to influence the cytokine milieu was 

examined PBMC (3xl0^ceUsAnl) wens cultured ibr 24h with or without 6^£/ml of tbe 
indicated ODNs or l^g/ml LPS as positive control (np"2). After incubation supematants 
were collected and ThfFa measured by ELISA as described above and the results are 
shown in Fig. 11. PBMC were cultured with the indicated ODNs (LO|ag/ml) as 

15 described in Fig. 1 1 and IL-6 was measured in the supematants by BLISA and the results 
are uhoym in Fig. 12. 

Fig. 1 1 and 12 demonstrate that T-rich non-CpG and T-rich/CpG ODNs can 
induce the secretion of the pro-inflanmiatOTy cytokines TNFa and IL-6. For both 
cytokines, ODN 5126 (SEQ ID NO.: 1 058) was found in most assays to be as pot^ as 

20 ODN 2194 (SEQ ID NO.: 911). It is known that CpG ODNs influence the Thl/Th2 
balance by preferentially inducuig Till cytoldnes (Krieg, A. M. 1999 Biochemica et 
Biophysica Acta 93321:1). To test whetiier T-rich ODN caused a similar shift to Thl 
cytokines, IFNy production in PBMC was measured. In a first 9et, of ^cperim^nts, it was 
danonstiated that, as described for IL-6 and TSFa, ODNs SEQ ID NO.: 1058 and SEQ 

2S ID NO.: 91 1 induced the release of comparable amounts of this Thl cytokine IFNy. In 
addition, it was demon^ted that another pro-inflammatory cytokine, IL-1|}» was 
released upon culture of PBMC with these two ODNs. Although the amount of these 
cytokines induced by the T-rich ODN lacking CpG motifs was less than whwi CpO ODN 
SEQ ID NO.: 246 was used the amounts induced by T-rich ODN were significantly 

30 higher than the control. 
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Examplfeg 9^11 

Infroductton: 

An optimal CpG motif for immune system activation in nan-rodent vertebrates is 
described herein. A phosphodiestcr oligonucleotide containing this motif was found to 
5 strongly stimulate CD86, CD40, CD54 and MHC D expression, synthesis and 
proliferation of primary human B-cells, These effects required intemalisation of tfie 
oligonucleotide and endosomal matuiadoa This CpO motif was associated with the 
sustained induction of the NFkB pS0^5 heteroduner and of the tiansci^rtion ^tor 
complex activatiim protein-1 (AP-1). Transcription iactor activation by CpO DNA was 
1 0 preceded by increased pbosphoiylation of the stress kinases c^jun NH2 terminal kinase 
(JNK) and p38, and of activating transcription &ctor'2 (ATF-2}. In contrast to CpG» 
signaling through the B-cell receptor led to activation of extracellular receptor kinase 
(EEIK) and to phosphorylation of a difibrent isofbrm of INK. 

Materials and Methods: 

\ S OUgodeoxynucleotideft; Unmodified (phosphodiester, PE) and modified 

nuclease-resistant (phosphorothioate, PS) ODN were purchased from Operon 
TechnglogiBs (Alameda, CA) and Hybridon Specialty Products (Mil ford, MA), The 
sequences used are provided in Table B. coli DNA and calf thymus DNA were 
purchased from Sigma Ch^cal Co., St Louis, MO. Genomic DNA samples were 

20 purified by extraction with phenol-chloroform-isoamyl alcohol (2S/24/1 ) and etfaanol 
precQ>itation. DNA was purified from endotoxin by repeated ^(traction with triton x-1 14 
(Sigma Chemical COm St Louis, MO) and tested for endotoxin usmg the LAL-assay 
(LAL-assay BioWhittaker, Walkersville, MD; lower detection limit 0.1 BU/ml) and the 
high sensitivity assay for endoto^dn described earlier (lower detecticm limit 0.0014 

25 EU/ml) (Hartmann O., and Krieg A. M. 1999. CpO DNA and LPS induce distinct 

patterns of activation in human monocytes. Gene Ther<qsy 6:S93), Endotoxin content of 
DNA samples was below 0.0014 U/ml. E. coli and calf thymus DNA were made single 
stranded before use by boiling for 10 minutes, followed by cooling on ice for S minutes. 
DNA samples wa:e diluted in TE-buffer using pyrogen-iree reagents. 

30 

Table H: Oligonucleotide panel used^ 
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Name(SEQ Sequence S* to 3' 
ID NO) 

Starting sequence PE 2079 (320) TlCfi ACQ TTC CCC CCC CCC OC 



Middle base P£ 2100 (341) 

PE 2082 (323) 
Human CpG motif PE 2080 (321) 



TCG GCG TTC CCC CCC CCC CC 
TCG CCG TTC CCC CCC CCC CC 
TCG TCG TTC CCC CCC CCC CC 



S* flanking base 



PE 2105 (346) 
PE 2107 (348) 
PE 2104 ^45) 



GCG TCG TTC CCC CCC CCC CC 
ACG TCG TTC CCC CCC CCC CC 
COG TCG TTC CCC OCC CCC CC 



3' flankiDgbase 



PE 2098 (339) 
PE 2099 (340) 
PE 2083 (324) 



TCG TCG CTC CCC OCC CCC CC 
TCG TCG GTC CCC CCC CCC CC 
TCG TCG ATC CCC OCC CCC CC 



First CpG deleted 
Second CpG deleted 



PE 2108 (349) 
PE 2106 (347) 



CTG TCQ TTC CCC CCC CCC CC 
TCQ TCA TTC CCC CCC CCC CC 



Meihylation 



PE 2095 (336) 
PE 2094 (335) 



TZG TZG TTC CCC CCC CCC CC 
TCG TCG TTC CCC COC ZCC CC 



Non-CpG control of PE 2078 (3 19) TGC TGC TTC CCC CCC CCC CC 
2080 

PE 2101 (342) GGCCTTTTCCCCCCCCCCCC 



FSfonnof2080 
Additional CpG motifs 
Best PS 

Methylated 2006 



PS 21 16 (357) 
PE2059 (300) 
PS 2006 (246) 
PS 21 17 (358) 



TCG TCQ TTC CCC OCC CCC CC 
TCG TCG TTT TGT QST TTT GT£QTT 
TCQ TQG TTTTGT QfiT TTT GTCGTT 
TZG TZG TFT TGT ZGT TTT GTZ OTT 



*PE, phosphodiestrar; PS, j^osphorothioQtB; bold, base «cchange; bold methylated 
cytidin^ underlined, CpG dinucleotides. 
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Cell prepsralkm and cell cnltiire: Human peripheral blood mononuclear cells 
(PBMC) wtte isolated from peripheF&l blood of healthy volunteers by Ficoll-Faque 
density gradient centrifiijg^on (Histopaque-1077, Sigma Chemical Co., St. Louis^ MO) 
as described (Hartmann O., etal 1996 Antisense Nucleic Acid Drug Dev 6:291)). Cells 
5 were suspended in RPMl 1640 culture medhmi supplemented with 10 % (v/v) heat- 
loactivated C56^C, 1 h) FCS (HyClone, Logan, UT), 1.5 mM L-glutarainc, 100 U/ml 
penicillm and 100 ^g/ml streptomycm (all from Gibco BRL, Grand Island, NY) 
(complete medium). All compounds w^epurdiased cndotoxin-tested. Viability was 
detumined before and after incubation with ODN by trypan blue exclusion 
10 (conventional microscopy) or by propidium iodide exciision (flow cytometric analysis). 
In all e}q>erim»ts, 96 % to 99 % of PBMC were viable. Cells (final concentration 1 x 

lO^oells/inl) were cultured in complete medium hi a 5 % CO2 humidified incubatw at 
37'^C. DifTetent oligonucleotides (see fable concentration as faidicated in the jBgure 
legends), LPS (from sabnonella typhimurium^ Sigma Chemical Co., St Louis^ MO) or 

IS anfi«IgM were used a$ stimuli, Chloroquine (S (ig/ml; Sigma Chmical Co.» St Louis» 
MO) was used to block endosomal maturation/acidiitcation* Af the indicated time points^ 
cells were harvested for flow cytometry as described below. 

For signal transduction studies, human primary B-ccUs were isolated by 
immunomagnetic cell sorting using the VARIOMACS technique (Miltenyi Biotec Inc., 

20 Auburn, CA) as described by die manufecturer. In brief, PBMC obtained from buffy 
coats of healthy blood donors (Elmer L. DeGowin Blood Center, University of Iowa) 
were incubated with a microbeads-conjugated antibody to CD 19 and passed over a 
positive selection column. Purity of B-celt$ was higher than 95%, After stimulation, 
whole cellular extracts (Western bbt) and nuclear extracts (l^tSA) for signal 

35 transduction studies were prepared. 

For CpG bmding protein studies^ Ramos cells (human Burkitt lyniphoma B cell 
line, ATCC CElL-1923 or CRL-1596; Intervirology 5: 319-334, 1975) were grown in 
complete mectium. Untreated cells were harvested and cytosolic protem extracts were 
prepared and analyzed for the presra^ of CpG oligonucleotide binding protems by 

3D EMSA and UV-orosslink as descxibed below. 

Flow cytometry: Staining of suifK^e antigens was performed as previously 
described (Hartmann O. et al. \99% J Pharmacol Exp Ther 2S5:920), Monoclonal 



2/14/05., EAST Version: 2.0.1.4 



wo 01^2972 



FCTA7S00/26383 



-140. 

antibodies to HLA*DR were purchased fix>in Immunotech, Marseille, FraiKe. All oih^ 
antibodies were purchased from Ph&nningeQ, San Diego, CA: mABs to CDI9 (B43), 
CD40 (5C3), CD54 (HA5g), CD86 (2331 (FUN-1)). IgO,,K (MOPC-21) and IgGjb,^ 
were to contiol fbr specific staining, [ntiacdlular cytokine staining for IL-6 was 
5 performed as described (Hartmann O., and Kiicg A. M 1999. CpQ DNA and LPS 
indvice distinct patterns of activation in h^man monocytes. Gene Therapy 6:S93)« In 
brief, PBMC (final concentration 1x10^ cells/ml) were iiK^ubated in the presence of 
brefeldin A (final concentration I ixg/vrd, Sigma Chemical Co., St Louis, MO). After 
incubation^ cells harvested and stained using a FITC-labeled mAB to CD 19 (B43), 

10 a PE-labeled rat anti-human IL-6 mAb (MQ2^A3, Phartningen) and tiie Fix and Pemt 
Kit (Cahag Laboratories, Burlmgame, CA), Plow cytcxnetric data of 5000 cells per 
sample were acquired on a FACScan (Beckton Dickuison Immunocytpmeby Systems, 
San Jose» CA). Non-viable cells were excluded from analysis by propidium iodide 
staimng (2 iig/ml). Data were analyzed uung die computer program FlowJo (version 

15 2.S.1 , Tree Star, Inc., Stanford, CA), 

Prolifemtion assay; CFSE (S-(and-6-) carboxyfluoresceia diacetate 
suocinimidyl ester» Molecular Probes, USA) is a fluorescem-dmved intracellular 
fhiOTescent label which is divided equally between daughter cells upon cell division. 
Staimng of cells with CFSE allows both quantification and immunophenolyping 

20 (phycoerythrin-labeled antibodies) of prolifi^ating cells In a mixed cell suspension. 
Briefly* PBMC were washed twice m PBS, icsuspended in PBS containing CFSE at a 

* 

final concentration of 5 ^M, and incubated at 37*C for 1 0 minutes. Cells were washed 
three times with PBS and incubated for five days as indicated in the figure legends. ' 
Proliferating CD19-po$itiv6 B-ceils wore identified by decreased CFSE content using 

25 flowoytonaetiy. 

Preparation of whole cell, nuclear and cytosolic protdn extracts: For Western 
blot analysis^ whole cell extracts were prepared Primary B-cells were treated with 
medium, the phosphodiester oUgonucleotides 2050 (SEQ ID NO.: 321) or 2078 (SEQ ID 
NO.: 319) at 30 fxg/ml» or anti-IgM (10 ^g/tnl). Cells W4»e harvested, washed twice with 

30 ice-cold PBS containing 1 mM NibV04, resuspended In lysis buffer (150 mM NaCI, 10 
mM TRIS pH 7.4, 1 % NP40, 1 mM NajVO*, 50 mM NaF, 30 mg^ml leupeptin, 50 
mg/tnl aprotinin, 5 mg/ml antipain, 5 mg/ml pepstatin, 50 |xg/mi 



2/14/05, EAST Version: 2.0.1.4 



wo 01/22972 



PCT/U5Q0/26383 



«141- 

pbeiiylmelhylsulfbiiylfhioride (PMSF)), incubated for 1 S min on ice and spun at 14000 
rpm for 10 mia The supematsnf was frozen at -80 C. For the prq>aration of nuclear 
^acts, piimazy B-cells were resuspended in hypotonic buffer (10 mM HEPES/KOH 
(pH 7.9), 10 mM KCl, 0.05 % NP40. L5 mM MgCIj, 0.5 mM dithiothreitol (DTT). 0.5 
5 mM PMSF, 30 mg/ml leup^tin, 50 rag/ml aprotinin, 5 mg/ml antipain, 5 mg/ml 

pepstatin). After 15 minutes incubation on ice» the suspension was oentrifuged at 1000 x 
g for 5 mmutBs, Tb& pdleted nuclei were resuspended in extraction buffer (20 mM 
HEPES (pH 7,9), 450 mM NaCl, 50 mM NaF, 20% glycerol. 1 mM EDTA, 1 mM 
, EGTA, 1 mM DIT, I mM PMSF, 30 mg/ml leupeptin, 50 mg/ml aprotinin, 5 mg/ml 

10 antipain, 5 mg/ml pepstatin) and incubated on ice for one hour. The nudear suspension 
was centrifi^ed for 10 minutes at 16»000 g at 4^C. Si^ematant was collected and stored 
at -80^C. Cytosolic extracts lor the CpG binding protein studies v/CTC prepared from 
unstimulated Ramos cells, which were lysed with hypotonic buffer as described for the 
preparation of ttie nuclear extract After cenfriiugaf ion, the supernatant was rsDioved ss 

15 cytoplasmic fraction and stored at -80^C, Protein concentrations were measured using a 
Bradford protein assay (Bio-Rad^ Hercules, CA) accoidmg to the manufacture. 

Westun blot analysis; Equal concentrations of whole cell protein extracts (25 
Hg/lanc) were boiled in SDS sample buffer (50 mM Tris-Cl, pH 6.8; 1% p- 
mercaptoethanol; 2% SDS; 0-1% bromphenolblue; 10% glycerol) for 4 min before being 

20 subjected to dectrophoresis on a 10 % polyaciylamide gel containing 0.1 % SDS (SDS- 
PAQE). After electrophoresis, proteins were transferred to Immobilion-P transfer 
membranes (Millipore Corp. Bedford, MA). Blots vf&ct blodced widi 5 % non&t dry 
milk. Specific antibodies against the phosphorylated fomi of extracellular receptor kinase 
(EE(K)p c-jun hfH2-tenninal kinase (JNK), p38 and activating trans^ption £actor-2 

25 (ATF«2) were used (New England BioLabs, Beverly, MA). Blots were developed in 
enhanced ch^luminescmce reagoit (ECL; Ammham International, Aylesbury, U.K.) 
according to the manu&cturer's recommended procedure. 

Ekctrophoretic mobility shift assay (EMSA): To detect the DNA-binding 
activity of (he transcription factor activator protein-1 (AP-1) and NFkB, nuclear extracts 

30 (1 ng/lane) were analyzed by EMSA using the dsODNs 5' OAT CTA OTO ATO AOT 
CAG ceo OAT C 3* (SEQ ID NO.; 838) containing the AP-1 binding sequence, and the 
NFkB URE from the c-myc promoter region 5' TGC AGO AAG TCC GOG TTT TCC 
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CCA ACC CCC C 3' (SEQ ID NO.: 1 142), as probes- ODNs were end labeled with T4. 
polynxicleotide kinase G^ew England Biolabs) and (r-^P) ATP (Amersham, Arlington 
Heights, IL). Binding reactions were perfoimed widi 1 ^g nuclear protdn extract in 
DNA-binding buffer (10 mM Tris-HCI (pH 7.5), 40 mM MgCli, 20 mM EDTA, 1 mM 
5 ditMothreitol, 8% glycerol and 100 - 400 ng of poly (dl-dC) with 20.000 - 40.000 cpm 
labeled ODN in 10 ^1 total volume. Specificity of die NFfcB bands was confirmed by 
con^^ctition studies with cold oligonucleotides Gcom unrelated transcription factor 
binding sites (10 - 100 ng). For the supershift assay, 2 \ig of spedfic antibodies for c-Rel, 
p50 andp6S (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) were added info the 
10 reaction mixture tor 30 min beS)re the radiolabeled probe was added. Following 

incubation for 30 minutes at room tempmtuie loadiAg bufifer was added and ^ probes 
were electrophoresed on a 6 % polyaciylamide gel in Tris^borate-EDTA running buSer 
(90 mM Iris, 90 mM boric acid, 2 mM EDTA, pH 8.0). Gels dried and then 
autoradiogrq>hed. 

IS UV-crosslinking and denaturing protein electrophoresis: Nuclear extracts 

were incubated with labeled phosphodiester oligonucleotide as described for the EMSA. 
DNA-protein complexes were crosslinked with UV>light in a Stratalinker (Stratagene) 
for 10 minutes. Probes were mixed with SDS-sample buETer, boiled for 1 D minutes and 
loaded on a 7,5% SDS-PAGB. The gel was dried on Whatman paper and 

20 autoradiographed. Plotting the distance against the molecular weight of the marker 

proteins yielded a standard curve which was used to calculate the approximate molecular 
weight of the crosslinked protein-ODN complexes. The molecular weight of the 
oligonucleotide was subtracted from this value to give the size. 

Exanqdc 9: Ident^ation of an Optimal CpG motif for use atone or in 
25 combination a T-rich ODN 

Phosphonsthioate oligonudeotides containing the murine C^O motif OACGTT 
(SEQ ID NO.: 1 143) (for example 1 826 (SEQ ID NO/ 69)) and used at concentrations 
which are active in murine B-cells (Yi A. K., Qiang M., Peckham D. W., Krieg A. M., 
and Ashman R. P. 1998. CpG oligodeoxyribonucleotides rescue mature splera B cells 
30 from spontaneous apoptosis and promote cell cycle entry. J Immunol 160:5898), have 
showed little or no immunostimulatory activity on human inmiune cells. At higher 
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concentratioiis this ODN was found to denuxistrate some stimulatoiy effect on humaa B 
cells, 

In earlier studies on B-oell activation in mice, it was found that a CpG- 
dinucleotide flanked by two S* purines and two 3' pyrimidines and preferably the 6m» 
5 motif 5' GACGTT 3' (SEQ ID NO: 1 143) was optimal for a phosphodiester 

oligonucleotide to be active (Krieg A, NL, et al. 1995 Nature 374:546, Yi A. K., Chang 
M.,etal.l998/J>ww/w? 160:5898). 

In CMxier to identify an optimal motif for stimulation of an immune response in 
humans and non-rodent vertebrates we designed a series of ODN and tested thdr 

1 0 activity* First we designed a 20 mer phosphodiester oligonucleotide with a TC 
dinucleotide at fhe 5' aid preceding the optimal murine CpG motif 5' GACGTT 3' 
(SEQ ID NO.: 1143) and followed by apoly C tail (2079: 5' TCG ACG TTC CCC CCC 
CCC CX: 3'(S£Q ID NO.: 320)). This oligonucleotide if added to human primaiy B-cells 
under the same conditions as found to be optimal for E. coli DNA (repeated addition at 0 

1 5 hours, 4 hours and 1 8 hours; 30 figtel for eadi time point) stimulated high levels of 
CD96 expression on human primary B-cells after two days. To determhe the structure- 
function relationship of ^ CpO moti&, we replaced the bases adjacent to the CpG 
dinucleotides while maintamiqg the two dinudeotides \^dthin the sequraice. 
Exchange of the adenine located between both CpO dinucleotides by thymidine (2080 

20 (SEQ ID NO.: 321)) resuhed in slightly higher activity. Replacement by guanosine 

(21 00 (SEQ ID NO.: 341)) or cytidine (2082 (SEQ ID NO.: 323)) at this position showed 
no maj» changes compared to 2079 (SEQ ID NO.: 320). In contrast, replaconent of the 
thymidine 3* to the second CpG dinucleotide by the purines guanosine (2099 (SEQ ID 
NO.: 340)) or adenine (2083 (SEQ ID NO. \ 324)) resulted in a major drop in activity of 

25 the oligonucleotide^ v^ile the pyrimidme cytkline caused only a minor decrease. The 
thymidine immediately 5' to the first CpG dinudeotide was also unp<»rtant 
Replacement of the thymidine by any other base (2105 (SEQ ID NO.: 346), guanosine; 
2107 (SEQ ID NO-: 348), adenine 2104 (SEQ ID NO.: 345), cytidine) led to a marked 
decrease in activity of tiie oligonucleotide. Elimination of the first (2108 (SEQ ED NO*: 

30 349)) or tile second (2106 (SEQ ID NO.: 347)) OpG dinucleotide also partially reduced 
the activity. 
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The addition of more 5' 0TCGTT3" (SEQIDNO,: 1 1 44) CpG motifs to the 
phosphodiester oligonucleotide containing the 8mer duplex CpG motif (S' TCGTCGTT 
3' (SEQ ID NO; 1 145) , 2080 (SBQ ID NO.: 321)) did not further enhance CD%6 
expression on B-cell$ (2059 (SBQ ID NO.: 300)). An oligomicileotide with die same 
S sequence as 2080 (SEQ ID NO. : 32 1) but with a phosphorothioate backbone showed no 
activity above background (2116 (SEQ ID NO.: 357)). This was surprising since the 
phosphorothioate backbone has been reported to greatly stabilize oligonucleotides and 
enhance CpG-induced stimtilation (Krieg A. M., Yi A. K., MatsM S., Waldschmidt T, J., 
Bishop G. A., Teasdale IL, Koretzky G. A., and Klinman D. M 1995. CpG motife in 

10 bacterial DNA trigger direct B-cdl activatioa Nature 374:546). We therefore performed 
further structurc^function analysis of pho^horolhioate oligonucleotides containing the 5' 
GTCGTT 3* (SEQ IDN0:1 144) and 5' TCGTCGTT 3' (SEQ ID NO:l 145) motife, 
which showed tiiat additional CpO motifs ^006 (SEQ ID NO.: 246» tended to increase 
the activity of phosphorothioate oligonucleotides. 

15 PurifiBd B-cells isolated fiom peripheral blood by immunomagnetic cell sorting 

wetre activated by CpG DNA to the same extent as unpurified B-cells within PBMC. 
Thus, activation of B-cells is a prunary response and not a secondary effect caused by 
cytokines secreted by otiier cells. 

In addition to tiie co-stimulatory molecule CD86, the ftinctionat stage of B-cells 

20 is characterized by other surface markers. For example^ activated T helper cells stimulate 
B-cells by CD40 ligation, the mtercellular adhesion molecule- 1 (ICAM- 1 , CD54) 
mediates binding to other immune cells^ and m^or histocompatibility complex n (MHC 
n) is sponsible for antigKi presentation. We found that 8 cell oqjression of CD40, 
CD54 and MHC II was upregulated by the CpG oligomwleotide 2080 (SEQ ID NO,: 

25 321). The non-CpG control oligonucleotide 2078 (SEQ ID NO.: 319) showed no activity 
cmipared to medium alone. 

When PBMC were incubated for 5 days in the presence of 20Sb (SEQ ID NO.: 
321) (added at 0 hours, 4 hours, 18 hours and every subsequent morning), it was 
intriguing that a subpopulation of lyniphocytes mcreased in cell size (PSC) and became 

30 more granular (SSC). To escamine if this subpopulation represented proliferating B-csells, 
we stahied freshly isolated PBMC with CFSB (5-(and-6-) carboxyfluorescein diacetate 
succimmidyl ester) at day 0 and incubated them for 5 days witii 2080 (SEQ ID NO.: 321) 
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as above. CFSE ia a fluorescent molecule that binds itreversibly to cell proteins. Bach 
ceil division deoi^es CFSE stain by 50 %. Cells staining low with CFSB (proliferating 
cdls) were found to be mainly GDI 9-positive B-cells* Hie oligonucleotide 2080 (SEQ 
ID N0<: 321) induced 60 to 70 % of CD19 positive B-celis to pioliierate within S days. 
5 The control oligonucleotide 2078 (SEQ ID NO.: 319) induced less than S % of B-cells to 
proliferate. Proliferating B-ceils (CFSE low) showed a larger cell size (ESC) and higher 
granularity. 

Proliferating B-cdls expressed higher levels of CD86 than non-proliferating cdls 
(not shown). In agreement with this finding, the oligonucleotide panel tested above for 
10 induction of CD86 expres^on resulted in an ahnost identical pattern of B-cell 

proliferation. Replacement of the 3' thymidine reduced activity more than changing the 
thymidine in ttie middle positioiu 

Example 10: B<eU acttpatloH requites endosonuU matuntionAicidfflcaHon 
15 It has previously been shown that chloroquine, an inhibitor of endosomal 

acidification, blocks CpG-mediated stimulafim of murine antigen presenting cells and B- 
oells, while not infhiencing LPS-mediated effects (Hacker H., et ai 1998 Embo J 
17:6230, Yi A. K.et al 1998 J Immunol 160:4755, Mac&rlane D. E., and Manzel L. 
I99i Jlmmunol 160:1122). We found that the addition of 3 ^g/mlchloroquine 
20 completely blocked CpG DNA-mediated mduction of CD86 expression on primary B- 
oells (MFI CD86: 2006 (SEQ ID NO,: 246), 4.7 vs 1.4; R coU DNA, 3.4 vs. 1 .4; 
raediiun only, 0,9; n=4)* Furthermore, chloroquine completely inhibited the induction of 
B-cell proliferation by the phosphorothioate oligonucleotide 2006 (SEQ ID NO.: 246) 
measured with the CFSE proliferation assay as well as with the standard . Tliese results 
25 suggest that as with murine cells, activation of human B-cells by CpO DNA requnes the 
uptake of DNA in endosomes and subsequent endosomal acidification, 

ExanqUe 11: Analysis ofsalhceUutar events resulting upon hnman B cell 
simulation with ^^thmdhuman ODN. 
30 Smce the CpO motif requirement for maximal B-cell activation is substantially 

dififerent between mouse (GACGTT) (SEQ ID NO:n43) and humans (TCGTCGTT) 
(SEQ ID NO: 1 145), we were interested if the basic intracellular signaling events are 
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oompaxable. Rapid induction of NFkB binding activity has been found earlier in murine 
B-cells and macrophages (Stacey J., et al 1996 J Immuml 1 57:21 1 6, Yi A. K et al 
1998 Jimmmol 160:475S)« To investigate the NFkB lespor^e to CpG DNA in humans, 
human primary B-cells vrere isolated from peripheral blood by immunomagnetic cell 
S sorting and incubated with the CpG oligonucleotide 2080 (SEQ ID NO.: 321), the non- 
CpG conlrol oligonucleotide 2078 (SEQ ID NO.: 319), or mediuHL At the indicated time 
points, cells were harvested and nuclear extracts were prepared. In the presence of CpQ 
oligonucleotide, NFkB binding activity was increased within one hour and maintained up 
to 1 8 hours (latest time pomt examined). The non-CpG control oligonucleotide 2078 
10 (SEQ ID NO.: 3 1 9) did not show enhanced NFkB activity compared to cells incubated 
with medium only. The NFkB band was identified by cold competition, and shown to 
consist of pSO and p65 subunits by supmhifl assay. 

The activating pirotein-1 (AP-1) transcription fiu^tor is mvolved in die regulation 
of immediate eariy genes and c^kme expression (Karin M. 1993. The regulation of AP- 
IS 1 activiQr by mitogen-activaled protein khiases. J Biol Chem 270: 16483). In murine B- 
cells, AP-1 binding activity is induced in response to CpG DNA (Yi A. BL, and Krieg A. 
M. 1998. Rapid inductim of mifogen-activated protein kinases by immune stimulatory 
CpG DNA. J Immunol 1 6 1 :4493). To detamine ^i^cther this transcription fieictor would 
also be induced by CpG DNA in humans» we examined AP-1 DNA bmding activity in 
20 human primary B-cells, Cells w^ incubated with the CpG oligonucleotide 2080 (SEQ 
ID NO.: 321) or the control oligonucleotide 2078 (SEQ ID NO.: 3 19). Nudear extracts 
vfm prepared and die AP-1 binding activity was analyzed by EMSA, AF-1 bmding 
activity was enhanced within one hour, and increased up to 1 8 hours (latest time point 
examined), showing a sustained response. 
25 Since AP-1 activity is mduced by many stimuli (Angel P., and Karin M 1 991 , 

The role of Jun, Fo$ and the AP-1 complex in cell-proliferation and transformation. 
Biochim Biophys Acta 1072: 129X we were nifa:ested in signal transduction pathways 
upstream of AP-L The AP-1 transcrip^n £Eictor complex integrates different mitogm 
activated protem kmase (MAPK) pathways (Karin M. 199S. The regulation of AP-1 
30 activity by mitog«i-activated protein idnases. J Biol Chem 270: 16483). Western blots 
were performed usmg vAiole cdl extracts from primary B-cells incubated with die CpG 
oligonucleotide 2080 (SEQ ID NO: 321). the control 2078 (SEQ ID NO,: 319), or 
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medium only. Specific snlibodies to die phosphotyiated feim of JNK^ p38» ATF-2 and 
ERK were used. Strong induction of JNK phosphorylation was found 30 min and 60 min 
after exposure to CpG-DNA, while die non-CpG oligonucleotide showed no activity 
above background. The protein Idnase pSS, another stress activated protein kinase 
5 {S APK), was also phosphorylated in response to CpO DNA within 60 min. ATF-2, a 
substrate of both p38 and JNK (Gupta S., Campbell D., Derijard B., and Davis R. L 
1 995, Transcription factor ATF2 regulation by the JNK signal transductica pathway. 
Science 267:389) and a component of the AP-1 complex, showed weak phosphorylation 
after 30 min which increased after 60 min. CpO DNA failed to mduce substantial 
10 phosphorylation of ERK. In contrast^ anti-IgM, stimulating the B-cell receptor^ did 

trigger phosphorylation of BRK, ^iti-IgM activated different isoforms of JNK than CpO 
DNA. 

£xa$$tple 12: Assay for in vivo adfuvant activity. 

An in vitro screening assay to idwitify ODN useful as an adjuvant in vivo in 

15 humans and oth^ non-iodent animals was developed* Since we saw not only 

quantitative but also qualitative differences in activities of different CpQ ODN in mice, 
we first screened a panel of CpG and non-CpG control ODN on moxise ceUs to find in 
vitro assays with reliable and strong correlation to in vivo adjuvant activity with hepatitis 
B surface antigm (HBsAg). We then systematically tested a panel of more than 250 

20 ODN in corresponding human assays to identify sequences with in vitro 

inununostimulatroy activity. We next examined if the ODN witii the highest activity in 
these human assays also activate B cell proliferation in chunpanzees and monkeys, and 
finally, if they are active as adjuvants with HBsAg m chimpanzees and cynomolgus 
monkeys in vivo. These studies revealed that the sequence, number and spacing of 

25 individual CpG moti& contribute to the immunostimulatory activity of a CpG 

phosphorothioate ODR An ODN with a TC dinudeotide at die 5' end followed by three 
6mcr CpG motifs (5* GTCGTT 3') sejwtated by TT dinucleotides ccnsistOTtly showed 
the highest activity for humau;, chimpanzee, snd rhesus monkey leukocytes. 
Chimpanzees or monkeys vaccinated once against hepatitis B with this CpG ODN 

30 adjuvant developed 1 S times higher anti-HBs antibody titers ttian those receiving vaccine 
alone* 
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Matttmb and M^lukb 

Oligodeoxynucleotides: Phosphorothioate-modified ODN purchased &om 
Operon Tedmolo^cs (Alameda, CA) and Hybridon Specialty Products (Milfoid, MA). 
ODN were tested far endotoxin using the LAL-a&say (LAL-assay Bio Whittaker, 
5 Walkersville, MD; detection limit 0. 1 EU/ml). For in vitro assays, ODN were 
diluted in TE^uffer (10 mU Tris, pH 7.0, 1 mM EDTA), and stored at -20"* C, For in 
vivo use, ODN were diluted in phosphate buffered saline (0.1 M PBS, pH 7.3) and stored 
at 4*^. All dilutions were earned out using pyrogm-free leagmts. 

Mouse spleen cell cultures: Sple^ were removed from 6-12 week old female 

1 0 BALB/c (The Jackson Laboratoxy), 2x10^ splenocytes wm cultured with 0.2 |uiM ODN 
for 4 hours (TNF-a) or 24 hours (IL-6, IFN-7, IL-12), and cytokines were detected by 
ELISA as previously described (Yi A. K., Klimnan D. M., Martin T. L.^ Matron S., and 
Krieg A. M. 1996. Rapid immune activation by CpG motifis in bacterial DNA. Systemic 
induction of ILr-6 transcription throu^ an antioxidant-sensitive pathway ^ J Immunol 

15 1 5 7: 53 94). To evaluate CpG-induced B cell proliferation, spleen cells were depleted of T 
cells with aiiti-Thy-1.2 and complemmt and centrifugation over iympholyte 
(Cedarlane Laboratories^ Hornby^ 0N» Canada), cultured for 44 hours with the indicated 
ODN, and then pulsed for 4 hours with 1 fxCi of thymidine as described previously 
(Krieg A. M., Yi A. K., Matson S., Waldschmidt T. J., Bishop O. A., Teasdale R., 

2Q Koretzky O. A., and Klinman D. M. 1995. CpO motife in bacterial DNA trigger direct B- 
cell activation. Nature 3 74:546). To examine NK cell lytic activity murine spleen cells 
were depleted of B cells using magnetic beads coated with goat anti-mouse Ig as 
previously detailed (BallasZ. and Rasmussen W. 1993. Lymphokine-activated killer 
cells, vn. IL.4 induces anNKl.I^CDS a^P' TCR-ap B220^ lymphokine-activated kUlcr 

25 subset. Jlmmimol 150: 17). Cdls were cultured at 5 x lOVwell in 24-well plates and 
harvested at 18 hours for use as effector cells in a standard 4 hour ^^Cr-release assay 
against YAC-1 target cells. One unit (LU) was defined as the number of cells needed to 
effect 30 % specific lysis. 

Immuaization of mice against HBs Ag and evaluation of the humoral 

30 response: Groups of 6-8 week old female BALB/c mice (n = 5 or 1 0, Charles River, 
Montreal, QC) were immunized against HBsAg as previously desmbed (Davis H, L., ct 
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al 1998 J Immunol 160:870). Iiibrie^ each mouse received a single IM injection of 50 
|il PBS containing I |xg FBOombioant HBsAg (Medix Biotech, Foster City, CA) and 10 
jig of CpG ODN or non-CpO ODN as a sole adjuvant or combined with alum 
(Alhydrogel "^85", Superfos Biosect<»:, Vedbadc, Denmaric; 25 mg Al^/mg ElBsAg). 
5 Control mice were inmiimized with EIBsAg without adjuvant or with alum. Pla^a was 
recovered from mice at various times after immunization and Abs specific to HBsAg 
(anti-HBs) were quantified by end-point dilution ELISA a;^y (in triplicate) as described 
previously (Davis H. L et all99« J Immunol 160:870), End-point titers were defined as 
the highest plasma dilution that resulted in an absoibance vahie (OD450) two times 

10 higher than that of non-immune plasma with a cut-off value of O.05. 

laolatioii of primate PBMC and cell culture: Pecipheial blood monoriuclear 
cells (PBMC) were isolated from perif^imd blood of healthy volunteers, chin^[>anzees or 
rhesus or cynomolgua monkeys by PicoU-hypaque density gradient centrifugation 
(Histopaque-1077p Sigma Chemical Co.> St Louis, MO) as described (Hartmann G., et al 

15 1996 Antisense Nucleic Acid Drug Dev 6:291). Cells were suspended in RPMI 1640 
culture medium supplemented with 10 % (v/v) heat-inactivated (S6°C, 1 h) FCS 
(HyClone, Logan, UT), 1 .5 mM L-glutamme, 100 U/ml penicillin and 100 (ig/ml 
streptomycin (all fix>m Oibco BRL» Grand Island, NY) (complete medium). Cells (fmal 
concentration 1x10^ cells/ml) were cultured in complete medium in a 5 % CO2 

20 humidified incubator at 37^C. ODN and LPS (fixim Salmonella typhimurium, Sigma 
Chemical Co,, St Louis^ MO) or anti*IgM were u^ as stimuli. For measurem^ of 
human NK lytic activity, PBMC incubated at 5 x lO^Avell in 24-well plates. 
Cultures \rare harvested after 24 hours, and cells were used as effectors in a standard 4 
hours ^^Cr'^release assay against KS62 target cells as previously described (Ballas Z. K., 

25 Ra^ussra W. L., and E^rieg A. M. 1996. Induction of NK activity in murine and human 
cells by CpG motifs in oligodeoxynucleotides and bacterial DNA. J Immunol 1 57: 1 840; 
Ballas Z. K., and Rasmussen W. 1993 . Lyn^)hokine-activated killer cells. VIL IL-4 
induces an NKLrCDS a^^' TCR-oP B220^ lymphokine-activated killer subset. J 
Immunol 150: 17). For B cell proliferation, I ^Ci of hi thymidine was added 1 8 hours 

30 beftnre harvest^ and the amount of thymidine incorporation was def erauned by 
scintillation coiinting at day S. Standard deviations of the triplicate wells were < 5%. 
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Flow cytometry on primate PBMC: Surface antigens oil primate PBMC were 
stained as previously described (Hartmann G et al 1998 J Pharmacol Es^ Ther 
285:920). Monoclonal antibodies to CD3 (UCHTl), CD14 (M5E2), CDI9 (B43). CD56 
(B159). CD69 (FNSO) and CD86 (2331 (FUN^l)) were purchased from Pharmingen, Saa 
5 Diego, CA. IgGi,K (MOPC-21) and IgG^b^K (Hartmanh G et al 1999 PNAS 96:9305) 
were used to control for non-specific staining. NK cells were identified by CD56 
expression on CD3, CD 14 and CD 1 9 negative cells, whereas B cells were identified by 
expression of CDl 9. Flow cytometric data fiom 1 0000 cells per san^le wim acquired on 
a FACScan (Becktcm Dickinson Liununocytometry Systems, San Jose, CA). The 

10 viability of cells widiin the PSC/SSC gate used for analysis was examined by proptdium 
iodide staining (2 ^g/ml) and found to be higher than 98 %, Data were analyzed using 
the computer program FlowJo (version 2.S.1, Tree Star^ Inc., Stanford^ CA). 

ImmuDizirtioii of cbimpaiUEees and cyDomolgus monkeys against HDsAg and 
ei^aluation of the humoral response: Fourteen cynomolgus monk^ (2.0-3.5 kg) were 

1 5 immunized with a pediatric dose of Engerix-B (SmithKline Beecham Biologicals, 
Rixensart, BE) conlaining 1 0 /ig EIBsAg adsorbed to alum (25 mg Al^/mg HBsAg), 
This was administered alone (n-S), or combined with CpG ODN 1968 (n=S, SCO or 
CpG ODN 2006 (SEQ ID NO.: 246) (n=4, 150 jag). Four chimpanzees (10-20 kg) were 
immunized in the same fashion with two receiving control vaccine (&igerix-B only) and 

20 two receiving experimental vaccine (Engerix-B pliis 1 tng CpG ODN 2006), All vaccines 
were administered IM in the right anterior diigh in a total vohune of 1 ml. Monkeys v^re 
maintained in the animal facility of the Primate Re^arch Coiter (Bogor» Indonesia) and 
chimpanzees were housed at Bioqual (Rockvilie» MD). Animals were monitored daily by 
animal care specialists. No symptoms of general ill health or local adverse reactions at 

25 the iiyection site noted Plasma was recovered by IV puncture prior to and at 
various times after immunization and was stored frozen (-20^*0) until assayed for 
antibodies. Anti-HBs antibodies were detected using a commercial ELISA kit (Monolisa 
Anti-HBs; Sanofi-Pastmr^ Montreal, QC) and titers were e^^ressed in mlU/ml based on 
comparison with WHO defined standards ^onolisa Anti-HBs Standards; Sanofi- 

30 Pasteur). 

Results 
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Identification of CpG ODN with difFerent profiles of in vitro immune activities: 
Our studies showed that the precise bases on the S* and 3' sides of a CpG dinucleotide 
widiin a CpG motif may have an impact cm the level of immune activalion of a synthetic 
ODN, but it has been unclear whether dif&rrat CpG motifi might display dififereiit 
5 immune effects. To evaluate this possibility, we tested a panel of CpG ODN for their 
ability to induce NK lytic activity, B cell proliferation^ and to stimulate synthesis of 
TNF-a, IL-6, [FN-y and IL- 1 2 in murine spleen cells . Immunostimulatory activity of 
ODN without CpG motifs (ODN 1982 (SEQ ID NO,; 225), ODN 1983 (SEQ ID NO.: 
226)) was negative or weak compared to CpG ODN. ODN with non optimal CpG 

10 motife (ODN 1628 (SEQ ID NO.: 767), ODN 1758 (SEQ ID NO.: 1)) were less active 
than ODN contaming CpG motifs flanked by two 5' purines and two 3' pynmidines 
(ODN 1760 (SEQ ID NO.: 3), ODN 1826 (SEQ ID NO,: 69), ODN 1841 (SEQ ID NO,: 
84)). ODN 1826 containing two optunal murine CpGmoti& (5' GACGTT 3*) (SEQ ID 
N0:1 143) had the highest activhy for S of 6 measured ^points. Except for ODN 1628, 

15 all ODN showed a generally similar pattern of activity (NK cell-mediated lysis, B cell 
I»olifcration, IL-12, IL-6, TNF a, IFN^), Of note, ODN 1628, ijrfiich was unique in this 
panel fiDr containing two G>-ricfa regions, showed preferential induction of IFN-y 
synthesis but relatively low stzmulation of the other activities. 

Identification of in vitro assays which corrclafe with in vivo adjuvant activity: 
20 Since ai^uvant activity is an in vivo endpoint» we were interested in identifying in vitro 
essays that would predict the adjuvant acti^ty of a CpG ODN in vivo. The same ODN 
used for in vitro endpouits therefore were tested for their adjuvant activity to immunize 
mice against HBsAg. This was carried out both with ODN alone and with ODN 
combined with alum^ since earlier studies had shown strong synergy for CpG ODN and 
25 . alum adjuvants (PCT Published Patent Application WO98/40100). 

BALB/c mice immunized with HBsAg without adjuvant attained only low titers 
of anti-HBs by 4 weeks, and tiiis was not affected by addition of control ODN. In 
contrast, addition of CpG ODN raised anti-HBs titers by S to 40 fold, depending on the 
sequence used. When alum was added, tit^ of anti HBs were approximately 6 times 
30 higher than with HBaAg alone. Specifically^ control ODN had no effect and the various 
CpG ODN augmented ^e liters 2 to 36 fold. Results obtained with the different ODN 
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alone correlated very strongly (r - 0.96) with those obtained using the same ODN plus 
alum. When linear regression was performed, a very high degree of correlation was 
found between certain in vitro assays and in vivo augmentation of anti^HBs titers. Of all 
the in vitro ^points examined> die induction of NK lytic activity showed the best 
3 correlation to in vivo adjuvant activity (without alum, r = 0.98; with alum, r = 0.95; p < 
0*0001). A good correlation regarding adjuvant activity was also obtained for B-cell 
stimulation (r^ 0.84 and 0.7), as well as seci«tion of TNF^ (r= 0.9 and 0,88), IL-12 (r= 
0.88 and 0.86) and IL-6 (r^ 0.85 and 0.91). The one in vitro assay that did not correlate 
well with the in vm> results was IFN-y secretion (r = 0. 57 and 0.68) . These data 

to , demonstrate that In vitro assays for NK l3rtic activity* B cdl activation and production of 
TNF-o^ IL*6 and IL-12 provide valuable information in vitro to. predict the adjuvant 
activity of a given ODN in vivo. 

Screening of a pho${dK)n>thioate ODN panel to activate human NK cells: In 
previous studies we found that syntiiesis of inflammatory cytokines by human PBMC is 

15 induced by eTdrHnely low amounts of endotoxin (induced TNF-a secretion is detectable 
with just 6 pg/ml endotoxin, 2 logs more sensitive than murine immune cells). In 
contrast, activation of human B cells and induction of hiunan NK cell lytic activity with 
endotoxin is low even at high endotoxin concentrations. Based on these results we 
selected activation of NK cells (lytic activity and CD69 expression) and B celts 

20 (proliferation and CD86 exj^^sion) as ttie most highly specific and reproducible assays 
with low inter-subject variabiliQ^ and used these assays for in vitro screening of a pool of 
ODN. 

First we studied the effect of phosphorothioate ODN containing various 
combinations and pemmtations of CpO motifs onNK cell-medialed lysis of target cells. 

25 For clarity and ease of presmfation, only data with selected representative CpO and 

control ODN are shown. Human PBMC were hicubated with different phosphorothioate 
ODN (6 ^g/ml) for 24 hours and tested for thdr ability to lyse ^^Cr-labeled K562 cells. 
ODN with two 6-met CpG motifs (either 5* OACOTT 3* (SBQ ID NO.: 1 143) or 5^ 
GTCGTT 3* (SBQ ID NO,: 1 144)) in combination with a TpC at the 5'cnd of the ODN 

30 (ODN 1840 5' TCCATGTCGTTCCTGTCGTT 3* (SEQ IDNO,: 83), ODN 1851 5' 
TCCTGACGTTCCTGACGTT 3' (SEQ ID NO,; 94) or with at least three 6-raer motifs 
without a TpC at the 5' end (ODN 2013 (SEQ ID NO.: 253)) show mtermediate activity. 
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High activtQr was fbucd whea the S* TpC directly preceded a 6-mer human CpO motif 
(5' TCGTCGTT 3' <SEQ ID NO.: 1 145)) and was foUowed by two 6-iner motifs (ODN 
2005 (SEQ ID NO.: 245), ODN 2006 (SEQ ID NO.: 246) and ODN 2007 (SEQ ID NO.: 
247)). The best results were obtained when the 6-mer CpG motifi were separated from 
5 each other and from the 5* 8-mer CpO motif by TpT (ODN 2006 (SEQ ID NO.: 246)). 

&cpresdon of tiie BCli\«tion maiker CD69 is rapidly upregulaled on the siu&ce 
of NK cedls subsequent to stimulation. To confirm the results fiom tiie NK cell lysis 
assay, PBMC were incubated for 18 houis with ODN (2 \ig/ml). CD69 expression was 
examined on CD56 positive NK cells (CD3, CD 14 and CD19 negative). Although 

1 0 induction of CD69 expression was less sequence restricted than stimulation of NK cell 
functional activity, control ODN (ODN 1982, ODN 2116, ODN 21 17, ODN 2010) 
showed only low acfivhy similar to backsromd levels, ODN with two human CpG 
motift separated by 5* riTT 3' (ODN 1965 (SEQ ID NO.: 208)) or four human CpG 
motifs without spacmg (ODN 201 3 (SEQ ID NO.: 253)) were rdadvely more active at 

IS tnducii^ CD69 esqxression than at sthnulaling NK cell lytic activity. Optimal NK cell 
iunctioiial activity, as well as CD69 exi»esaion, was obtained with ODNs containing a 
TpC duiudeotide preceding the human CpO motif, and additional human nioti£s mthin 
the sequence (ODN 2006 (SEQ ID NO.: 246), ODN 2007 (SEQ ID NO.: 247)). 

ActiviQrofphosphorothioate ODN for stimulatnig human B cells: Inprdimmaiy 

20 expeiimraits we found that the percmtage of proliferadi^ B cells (CFSE assay, see 

methods section) corrdated vnth the sur&oe expression of the co>stimulatory CD86 on. B 
cells,, as measured by flow cytometry. Thus we used CD86 raqjression on B cells to 
screen a panel of ODN for their immunostimulatoiy activity. PBMC were incubated with 
0.6 ;ig/ml ODN. Expression of CD86 (mean fluorescence intensity, MFI) was examined 

25 on CD19 positive B cells. A poly C ODN (ODN 2017 (SEQ ID NO.: 257)) or ODN 
without CpG dinudeotides (ODN 1982 (SEQ ID NO.: 225)) felled to stimulate human B 
cdls under tiiese expoimoital conditions. A phosphorothioate ODN (ODN 21 16 (SEQ 
ID NO.: 256)) with one optimal human CpG motif preceded by a TpC (5' TCOTCOTT 
y (SEQ ID NO.: 1 145)) had low activity. The presence of one human 6-mer CpO motif 

30 (5' OTCGTT 3* (SEQ ID NO.: 1144)) had no activating effect Two of these CpG 

motifs within the sequence showed no (ODN I960 (SEQ ID NO.: 203), ODN 2016 (SEQ 
ID NO.: 256)) or intemnediate (ODN 1965 (SEQ ID NO.: 208)) activity dependoit on the 
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sequmce context If the ODN was con^M^ed of three or four copies of this motif (ODN 
2012 (SEQ ID NO.; 252), ODN 2013 (SEQ ID NO.: 253), ODN 2014 (SBQ ID NO.: 
254)), intermediate activity on B cells could be detected. The combination of the human 
8-mer CpO motif on the 5' rad of the ODN with two 6-mer CpG motifi (ODN 2005 
5 (SEQ ID NO.: 245), ODN 2006 (SEQ ID NO.: 246), ODN 2007 (SEQ ID NO.: 247), 
ODN 2102 (SEQ ID NO.: 343), ODN 2103 (SEQ ID NO.: 344)) led to a considerable 
increase in the ability of the ODN to stimulate B cells. The spacing between the single 
motifs was critical. The separation of CpG motifs by TpT was piefecable (ODN 2006 
(SEQ ID NO.: 246)) compai«d to uns^arated CpG motife (ODN 2005 (SEQ ID NO.: ); 

10 also compare ODN 1965 (SEQ ID NO.: 208) to ODN 1 960 (SEQ ID NO.: 203)). The 
human 6-mer CpG molif (5' OTCGTT 3') was bettw than the optimal mouse 6-mer CpG 
motif (5' GACGTT 3' (SEQ ID NO.; 246)) when combined with the human S-mer CpG 
motif on the 5' end (ODN 2006 vs. ODN 2102 (SEQ ID NO.: 343) and ODN 2103 (SEQ 
ID NO.: 344)). A (TCG)pa|y ODN was inactive or only weakly active as were ODN 

15 containing CpG dinudeotides flanked by guanines or aHha CgQ dinucleotides (ODN 
2010 (SEQ ID NO.: 250)). Tsken together, the findings for NK cells and B cells showed 
consistently that of the ODN tested, ODN 2006 (SEQ ED NO.: 246) has the highest 
immunostimvdatory activify on human immune cells. 

Con^tarative analysis of potency of CpG phosphorothioate ODNs m different 

20 primates: Different CpO motifs are optimal to activate murine and human immune cdls. 
Furthennore, the number and location of CpG motifs within an active phosphorothioate 
ODN is different in mice and humans. We were interested to know if CpG 
phosphorothioate ODN show a similar activity among different species of primates. We 
compared a panel of CpG ODN for thdr ability to induce B cell proliferation in humans, 

25 chimpanzees and rhesus or cynomolgus monkeys. The capability of ODN to stimulate 
human B proliferation (Table J) correlated wdl with their ability to induce CD86 
expression on B cells. ODN 2006 (SEQ ID NO.: 246), which showed the highest activity 
in human B o^ and NK cells, was also the most active in stimulating ohimpoazee and 
thesus monkey B cell prolifiexation (Table I). ODN 1968 (SEQ ID NO.: 21 1) and ODN 

30 2006 (SEQ ID NO.: 246) gave the highest activation of cynomolgus monkey B-cells in 
vitro (SI of 25 and 29 respectively at 6 ^;g ODN/inl). Surprisingly, CpG ODN 2007 
(SEQ ID NO.: 247), which displayed shnilarly hi^ activity as the optimal ODN 2006 
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(SEQ ID NO.: 246) in biunan cells, did not stimulate Rhesus monkey or chimpanzee B 
cell prolifeiation. and the ODN 1 968 (SEQ ID NO.: 21 1) showed low activity. CpG 
ODN origiiially identified with high activity in mice (ODN 1760 (SEQ ID NO.: 3), ODN 
1826 (SEQ ID NO.: 69)) showed little activity in monk^s (Table J). 
$ Tabte J: Proliferative response of FBMC to phosphorathioateCpO ODN in pnmstes 



Humans 



Chin^anzee 



10 



Rhesus 
monlcey 



IS 



No addition 0.S+-0.1 0.5-H-O.l O.S-t-0.0 

ODN 1760 23-K7 0J+-O.I 0.5-M).3 

(SEQ ID NO.: 3) 

ODN 1826 0.8+-0.1 0.4+-0,l 0.6+-0.1 

(SEQ ID NO.: 69) 

ODN 1968 33+-9 20.O+-3.8 I.9+-0.7 

(SEQ ID NO.: 211) 

ODN 1982 9.7+-1.1 2.5+-I.I 0.7-M).l 

(SBQIDNO.:225) 

ODN 2006 58-1-8 nA*^9 6.3+-S3 

(SEQ ID NO.: 246) 

ODN 2007 47+-11 0.5+«-0.1 0.4+-0.2 

(SEQ ID NO.: 247) 

PBMC •9fm prepared from peripheral blood and incubated widi ODN (0.6 ^g/mI) as 
indicated fbr five days. Ptoliforation was measured by i4>take of ^H/ttiymidine 
(cpm/lOOO) during the last 18 hours. More than 95 % of prolifcanting cells w»e B-cells 
as determined using the CFSE assay. Four human probands, six chimpanzees and two 
rhesus monkeys were tested. 

In vivo adjuvant activity of CpQ ODN in chimpanzees and cynomolgus 
monkeys; In order to evaluate whdher CpG ODN witii strong in vitro stimulatory 
effects on primate cells had detectable adjuvant activity in vtvo, Cynomolgus monkeys 
and diimpanzees were immimized with Engerix B, ^ch comixises HBaAg adsorbed to 
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alum, alone or whfa added ODN 1968 (500 ^g) or ODN 2006 (SEQ ID NO.: 246) (1 mg) 
respectively. Compared to controls not receiving CpO ODN, anti-HBs titers at 4 weeks 
post-prime and 2 weeks post-boost were 66- and I6>fo)d lugher re^ecfively in the 
monkeys^ and 1 5- and 3-fbld higher in the chimpanzees (Table K). Thus a clear adjuvant 
5 effect of CpG ODN was seen, and this was particularly striking after a single 
immunization. 

Table K Anti-HBs responsea in primates immunized against HBsAg with CpO ODN^ 

Anti-HBsdnlU/ml) 

Primate soccics n CpG DON 4 wka post-prime 2 wks post-bout 

Cynomolgus 5 None IS ±44 4880113113 

monkey 

5 ODN 1968 (500 ^g) 995 ±1309 76449 ± 42094 

(SBQIDN0.211) 

Chimpanziee 2 None 6,11 3712,4706 

2 ODN 2006 (Img) 125.135 9640,16800 

(SBQIDNO,246) 

^Animals were immunized by IM injection of Bngedx B conlmning 10 HBsAg 
1 0 adsorbed to alum, alone or with added CpG ODN. Cynomolgus monkeys were boosted 
at 1 0 wks and chimpanzees were boosted at 4 wks post-prime. Anti-HBs was determined 
by ELISA assay; valiws for monkeys are GMT ± SEM (n=5) whereas individual values 
for the two chimpanzees in each group are provided. 
I claim: 
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£LAZfiIS 

1 . A method of stimulating an immune response^ comprising 
administering an immunastimulatoiy nudeio add selected &om the group 

consisting of a Py-rich nucleic acid and a TO nucleic add, to a non-rodent subject m an 
5 amount effective to induce an immune response in the non-rodent subject. 

2. Use method of claim 1, vrfimin the immunostmiulBtory nudeic add is a T- 
ridi nudeic acid. 

3. The method of claim 2, viiimin the T-rich immunostimulatoiy nudeic acid is 
a poly T nuddc acid compdsing 

10 S'TTTTT. 

4. The method of claim 3 » herein the poly T nuddc add comprises 

5' XiX2TTrrX3X4 3' 
wfaerdn Xu X2, X3 and X4 are nucleotides. 

5« The method of cldm 3 , wherein the T-rich immunostimulatory nucleic acid 
15 comprises a pliu:alrty of poly T nucleic acid motifs. 

6. The method of claim 4» wherein XiX2is TT. 

7. The method of claim 4» herein X3X4 is TT, 

8. Hie method of daim 4, wlierdn X|Xa is selected from the group consisting of 
TA, TO, TC, AT, AA, AG, AC, CT, CC, CA, GT, GG, GA. and GC. 

20 9* The method of daim 4^ wherein X3X4 is sdected from the groi^ consisting of 

TA,TG,TaAT,AA,AG.Aa CT, CX:^ CA, GT, GG, GA, and OC. 

10. The method of claim 3, wherein the T-rich immunostimulatory nudeic acid 
comprises a nucleotide composition of greater than 25% T. 

1 1 . The method of daim 1, wherein the T-rich immunostimulatory nucleic acid 
25 comprises a nucleotide compositioa of greater than 3 5% T. 
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12. The method of claim 1» wherem the T-iich irnmunostLxnulatary nucleic acid 
com]xises a nucleotide composition of greater than 40% T. 

1 3. The method of claim 1, wherdn the T-rich immunostimuiatDry nucleic acid 
comprises a nucleotide composition of greater than 50% T. 

5 14. The method of claim U wherein the T*rich immunostimulatoiy nucleic acid 

comi»ises a niKlec^de composition of greater than 60% T. 

1 5. The method of claim 1^ wherdn the T-rich inimuno^timulalory nudeic acid 
com]xises a nucleotide composition of greater than %0% T. 

1 6. The method of claim 1, wherein the unmuuostimulatoiy nucleic acid 
1 0 comprises at least 20 nucleotides. 

17. The method of claim 1 » wherein the immunostimulatoiy nucleic acid 
comprises at least 24 nucleotides. 

1 8» The mi^hod of claim 1 ^ wherein the immunostimulatoiy nucleic acid has a 
nucleotide backbone wfaidi includes at least one backbone modification* 

15 19. The method of claim 1 8, wherein the backbone modification is a 

phosphorothioate modification. 

20. The method of claim 1 8, whmin the nucleotide backbone is chimeric, 

2 1 . The method of claim 1 8, wherein the nucleotide backbone is entirely 
modified. 

20 22. The method of claim 1» wherdn the unmunostimulatory nucleic acid is free 

of CpG cBnucleotides. 

23. The method of claim 1 , wherein the immunostimulatoiy nucleic acid is free 
of unm^ylated C^O dinucleotides. 

24. The method of claim 1» wherdn the immunostimulatoiy nucleic acid is &ee 
25 of methylated CpG dinucleotides, 
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25. The method of claim 1^ i^erdn the immunostimulatory nucleic acid is firce 
of poly-C sequences. 

26. The method of claim 1, wherein the immunostimulatory nucleic acid 
Includes a poIy-A sequCTce, 

3 27. The method of claim 20, ^vherein the immunostimulatoiy nucleic acid 

includes apoly-G sequence. 

28. The method of claim 1, wherein die immunostimulatory nucleic add 
comprises a nudeotide composition of greater than 25% C. 

29. The method of claim 1, wherdn the immunostimulatory nucleic add 
10 comprises a nucleotide composition of greater than 25% A. 

30. The mediod of claim 1, wherein the immunostimulatory nuddc add is 
administered orally. 

31. The method of claim l,wherdn the iinmunostiniulatory nucleic add is 
administered locally. 

1 5 32. The method of daun 1 , wherein the inmiunostimulatory nuddc add is 

administered in a sustained release device. 

33 . The method of claim 1 , wherdn the inununostimulatory nucleic add is 
administered mucosally to a mucosal sur&ce. 

34. The method of daim 33, wherein the immune response is a mucosal immune 
20 response. 

35. The method of claim 33, wheirein the immune response is a systemic immune 
response* 

36. The method of daim 33, wherein the mucosal sur&ce is selected from the 
group consisting of an oral, nasal, rectal, vaginal, and ocular surface. 

25 37. The method of daim 1 , further comprising exposing the subject to en 

antigen and wherein the immune rehouse is an antigen-specific immime response* 
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38* The me&od of claim 37, wherein a nucleic add vector v^ch encodes the 
mtigm is administered to the subject, and wherein the nucleic acid vector is separate 
from fhe immunostimulaf ory nucldc acid. 

39. The method of claim 37, wherein the antigen is a peptide antig». 

5 40, The method of claim 1, flirther comprising isolating an immune cell ftom the 

subject^ ccmtacting the immune cell witii an effective amount to activate the immune cell 
of the immunostimulatory nucldc acid and re-admini$tering the activated immune cdl to 
the subject 

41. Ihemjethodofclaim40,\^ereln1beimmuneodlisalcukoc^^ 

10 42, The method of claim 41 , iiirAer comprismg contacting the immune cell with 

an antigen. 

43. The method of daim 40, wherein the antigen is selected from the group 
consisting of a tumor antigen* a viral antigen* a bacterial antigen, and a parasitic antigen. 

44, The method of claim 40^ whadn the immune cell is a dendritic cell. 

IS 45. The method of claim 1, wherein &e subject has or is at risk of devdoping 

asthma and the method is a method of treating or preventing asthma in the subject. 

46. The method of claim U wherein fte ^ject has or is at risk of developing 
allergy and the method is a method of treating or preventing allergy. 

47. The method of claim 1 , wherdn the subject has cancer and the method is a 
20 method oftreating the cancer. 

48. The mjrfhod of daim 47, wherein the cancer is selected from the group 
consisting of biliary tract cancer* brain cancer; breast cancer; cervical cancer; 
choriocamnoma; CNS cancer* colon cancer; connective tissue cancer* radometiial 
cancer; eye cancer, gastric canc^; intraepithelid neoplasms; larynx cancer* lymphomas; 

25 Hodgldn's lymphoma* liver cancer; lung cancer (e.g. small cell and non-smdl cdl); 
melanoma; neuroblastomas: oral cancer; oral cavity cancer* ovarian canc^; pancreas 
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cancer; prostate cancer; rectal cancer; sarcomas; ifayrcid canco^ and renal cancer, as well 
as other carcinomas and sarcomas. 

49. Tbe method of claim 1, wherein the cancex is selected from the group 
consisting of bone cmcex, brain and CNS cancer, connective tissue cano^, esophageal 

5 cancer, eye cancer^ Hodgkin*& lymphoma, laiynx cancer, oral cavity cancer, skin cancer, 
and testicular cancer. 

50. The method of claim 47, further comprising administering an antiH:ancer 
therapy, 

5 L . Tbe method of claim SO, wherein the anti-cancer therapy is an antibody, 

52. Tbd method of claim 47» wherein the subject is a human. 

53. Tlie method of claim 47, wherein the subject is selected &om the group 
consisting of a dog, a cat, and a horse. 

54. The method of claim 1, further comprising administering an antibody 
specific for a ceil sur&oe antigen, and wherein the immune response results in antigen 
dependent cellular cytotoxicity (ADCC), 

55. The method of daim U wherein the subject has or is at risk of developing an 
infectious disease and wherehi tfie method is a method for treating or preventing the 
infectious disease. 

56. The method of claim S4, wherein the subject is a human. 

20 57. The method of claim S4, further comprising administering an antigen to the 

subject. 

58« The method of claim 57, wherein the antigm is selected ftom the groi^ 
ccmsisting of a bacterial antigen, a viral antigen, a parasitic antig^ and a fungal antigen. 

59. The method of claim 56, wherein the subject is selected from the group 
25 consisting of a dog, cat, horse, cow, pig, sheep, goat, chicken^ monkey, and fish. 

60. The method of claim 59» furthra' comprising admmistering an antigm to the 

subject. 



10 



15 
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6 1 . The method of claim S9» wherein tiie antigen is ddrived from a 
microorganism selected fiom the group consistii^ of herpesviridae, Fotroviridae^ 
ortbomyroviridae^ toxoplasma, haemophilus, campylobact^, Clostridium, E.coIip and 
staphylococcus. 

5 62, The mettiod of claim 1 , vdierdn the immunostimulatoiy nucleic add is a TG 

nucleic acid 

63. The method of claim 62, whei^in the TO nucleic acid comprises 

5^NtXiTGX2N23\ 

64. The nftethod of daim 62, \^eRnn the TG nucleic add comprises 
10 5'NiXiX2TOX3X4N23'. 

65. The metiiod of daim 63> wherein Ni is a nucleic add ^uence composed of 
a number of nucleotides ranging from (1 1-N2) to (2I-N2). 

66. The method of claim 63» wherdn is a nucleic acid sequence composed of 
a number of nucleotides ranging from CI l-Ni) to (21-Ni). 

1 5 67. The method of claim 64, wherdn Nj is a nucleic acid sequence coaq)osed of 

a number of nucleotides rangii^ firom (9-N2) to (I9-N3). 

6B. The method of claim 64» wh^idn N2 is a nucleic acid sequence composed of 
a number of nucleotides ranging from (9-Ni) to {19-Ni)^ 

69. The method of claim 63, wherdn Xi is thymidine. 

20 70, The method of claim 64, wherdn Xs is thymidine. 

71- The method of claim 64, wherein X1X2 are nucleotides selected firom the 
ffXiup consisting of GT, GO, OA, AA, AT, AG, CT, CA, CO, TA and TT. 

72. The method of claim 64, wherdn X3X4 are nucleotides selected horn the 
group consisting of TT, CT, AT^ AG, CG» TC, AC, CC, TA, AA, and CA. 
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73« The method of claim 63, wheidn X3X4 are nucleotides selected from the 
group consisting of TT, TC, TA and TG. 

74. The n^thod of claim I , wii^n the subject Is at risk of developing cancer 
and the method is a method of preventing the cancer, 

5 75, The method of claim 50, wherein the anti-cancer therapy is selected iBnom 

the group consisting of a chemotfaerapeutic ag^t, an inununottierapeutic agent and a 
cancer vacdne. 

76. A method for prevotfii^ disease in a subject, comprising: 
administering to the sulgect an immunostimulatoTy nucleic acid on a regular basis 

10 to prevent disease in die subject, wherein ^ immunostimulatQry nucleic acid is selected 
fiom the group consisting of a T-rich nucleic acid and a TG nucleic acid 

77. A method for inducing an innate immune response, comprising 
administering to fhe subject an immunostimulatory nucleic acid in an amount 

elective &t activating an innate immune response, whei^ the immunostimulBtory 
13 nucleic acid is selected from tiie group c^msistii^ of a T*-rich nud^c acid and a TO 
nucleic acid. 

78. A composidon comprising 

a sustained release device indudii^ an immunosdmulatory nucleic acid, wherein 
the immunostimulatory nudeic add is fiee of unmethylated CpO motifs and is selected 
20 i3:om Ae groi^ consisting of a T-rich nucldc add and a TO nucleic add 

79. The composition of claim 78, wherdn the immunostimulatory nucldc acid 
has a pho^hodiestOT backbone. 

80. A composition of a nutritional supplement comprising 

an immunostimulatory micleic add in a delivery device selected from the group 
25 consisting of a capsule, a pill, and a sublingual tablet, wherein the immunostimulatory 
nucleic acid is free of mun^ylated CpO motifs and is selected from the group 
consisting of a T*rich nucldc add and a TG nucleic acid 
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8 1 . The CQinposxtton of claim 80, wfaerdn the ImmimostimuIalDry nuclric acid 
has a phosphoiothioate backbone. 

82. A composition comprising 

an immunostimulatory micleic acid and an antigen, wherein the 
S immunostimulatory micldc acid is fiee of unmethy lated CpO motifs and is selected from 
the group consisting of a T-rich nucldc add and a TG nucleic add. 

83. A con^iositLOn comprising 

an immunostimulatoiy nucldc acid and an anti-microbial ag^ v^i^ein the 
immunostimulatory nucleic acid is fiee of umnethylated CpO moti& and is sdected from 
10 the gfoup consisting of a T*rich nucleic acid and a TO nucleic acid. 

84. The composition of claim 83 » vriierein the anti-microbial agent is selected 
from the group consisting of an anti-viral agents an anti-fungal agent, an anti-parasitic 
agent, and an anti-bacterial agent 

85. The method of claim S» wherein the immunostimulatory nucleic add 

15 compri$esatlea5t3, atlea8t4»atleastS, atleast6«atlea5t7, oratleast 8 T motifs* 

86. The method of claim 5, wherein at least 2 of the plurality of poly T motifs 
each comprises at least three contiguous T nucleotide residues. 

87« The method of claim S» wherdn at least two of the poly T motifs each 
comprises at leastfour contiguous T nucleotide residues. 

2Q 88. The method of daim M^iiandn the plurality of poly T mo1i& is at least 3 

motife and whecdn at least 3 motifs each comprises at least 3 ocHit^ous T nucleotide 
residues* 

89. The m^od of claim S, wherdn the plurality of poly T motifis is at least 4 
motifs and wherdn the at least 4 motifs each comprises at least 3 contiguous T 

25 nucleotide residues. 

90. The method of daim 5 » wherein at least one of the plurality of poly T motife 
comprises at least 5» at least 6» at least 7» or at least 8 contiguous nucleotide residues* 
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91 . The mdhod of claim 1^ mrfiei^ the immunostimiilatoiy nucleic add is fiee 
of two CpO dinucleotides. 

92, The method of claim U wherein the immunostiimilatory nucleic add is fiee 
of three CpG dinudeotides. 

5 93. Tte nwthod of claim 1^ wherein the immunostimulatoiy nucleic add 

inchides at least two poly C sequences of at least 3 contiguous C nucleotide residues. 

94. The method of dum 1 , wherein ibc immunostimulatoiy nucleic add is free of 
two poly A sequences of at least 3 contiguous A nucleotide residues. 

95. A pharmaceutical composition comprising an effective amount for 

10 stimulating an imnnme response of an isolated inummostimulBlory nucleic add of claim 
U 2, 3, 4, 5, 6, 7, 8, 9. 10. 11, 12, 13, 14,15, 16.17. 18, 19, 20. 21. 22, 23, 24, 25, 26, 27, 
28, 29, 32, 40. 41, 64, 65, 66, 67, 68, 69» 70, 71, 72, 85, 86, 87, 8.8, 89, 90, 91, 92. 93, or 
94 and a pharmaceutically accqrtable carrier. 

96. A composition of matter, comprising an isolated immunostimuiatory nucleic 
13 acid of claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,15, 16,17, 18, 19, 20, 21, 22, 23, 

24, 25, 26, 27, 28, 29, 32, 40, 41, 64, 65, 66, 67, 68, 69, 70, 71, 72. 85, 86, 87, 88, 89. 90, 
91, 92, 93, or 94 and aphannaceutically acceptable carrier. 

97 The method of claim 80 wherein the nucleic acid further comprises a plurality 
of CpG motifs, and wfaerdn the plurality is at least 3 motifs, at least 4 motifs and 

20 wh^n the at least 4 motifs each comprises at least 3 contiguous T nucleotide residues. 

98 The metfiod of claim 90 wherein the plurality of CpO motifs and poly T 
motifs are interspersed. 

99. A composition, con^>rising: 

an immunostimulatory nucldc acid aiKl an anti-cancer therapy, 
25 formulated in a pharmaceutically-acceptable carrier and in an effective amount to treat a 
cancer or to reduce the risk of developing a cancer, wherein the immunostimulatory 
nucldc add is selected £rom the group consisting of a T-rich nucldc add and a TG 
nucleic add 

100. A CQtnposttion, comprising: 
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an immuiiosttmulBtoiy nucleic acid and an a^thma/allei^ medicam^, 
formulated in a phannaoeudcally-acceptable carrier and in an effective amount for 
pi^vmting or treating an immune response assodated with <»cposure to a mediator of 
asthma or allergy, vrtimin the immunostimulatory nucleic acid i$ selected from the 
5 group consisting of a T-rich nucleic acid, a TO nucldc acid and a C-tich nucleic acid, 

101. A eomposhion comprising 

an immumistiniulatQry nocleic acid sdected &om the group consisting of SEQ ID 
NO: 95*136, SEQ ID NO: 138-152, SEQ ID NO: 154-222, SEQ ID NO: 224-245, SEQ 
ID NO: 247-261, SEQ ID NO: 263-299, SEQ ID NO: 301, SEQ ID NO: 303-4109, SEQ 
10 ID NO: 414-420, SEQ ID NO: 424, SEQ ID NO: 426-947, SEQ ID NO: 959-1 022, SEQ 
ID NO: 1024-1093, and a pharmaceutically acceptable carri^. 

102. A compositioii comprising 

an immunostimulatory nucldc acid consisting e^Bntially of: 
S'MiTCGTCGTTMiS' 

15 wherein at least one of the Cs is unmethylated, wherein M| is a nucleic acid 

having at least one nucleotide^ wherein M2 is a nucleic acid having betwe^ 0 and 50 
nucleotides^ and wherein the immunostinuilatory nucleic add has less Ifaan 100 
nucleotides, 

103. A pharmaceutical composition comprising 
20 an immunostimulatoiy nucleic acid comprising: 

5^TCGTCGTT3^ 

wfawm at least one of the Cs is umnethylated, wherein the immunostimulatory 
nucleic acid has less than 100 nucleotides and a phosphodiesber badcbone, and 

a sustained release device. 

25 104. The pharmaceutical composition of claim 103 wherein the sustained release 

dcfvice is a microparticle* 

105. The phannaceudcal composition of claim 103, further comprising an 
antigen. 
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SEQUENCE LISTING 

<X10> University of Iowa Research rotindation 
Coley Pharmaceutical Group GmbH 

<120> Imraunoatiraulatory Nucleic Acids 

<130> C1039/7035S9O (HCL/MAT) 

<150> US 60/156,113 
<151> 1999-09-25 

<150> US 60/156,135 
<151> 1999-09-27 

<150> US 60/227,436 
<151> 2000-08-23 

<1S0> 1145 

<17a> FastSEQ for Hindowa Version 3*0 

<210> 1 
<21I> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<400> 1 
tctcccagcg tgccfccat 

<2I0> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 2 
at^tccagc ttgaaccaag 

<210> 3 
<211> 20 
<212> DNA 

<213> Artificial SequenDa 

<400> 3 
ataatcqacg ttcaragcaag 

<210> 4 
<211> 18 
<212> DNA 

<Z13> Artificial Sequence 

<4O0> 4 
taccgcgtgc gacectct 

<210> 5 
<211> 9 
<212> DNA 
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<2X3> 



Artificial Sequence 



<400> 
ggggagggt 



5 



<210> 6 
<211> 9 
<21Z> DNA 

<213> Artificial Sequence 
<4 00> 6 

ggggagggg 9 

<210> 7 
<211> 9 
<212> DHA 

<213> Artificial Sequence 



<210> 8 
<211> 2D 
<212> DNA 

<213> Artificial Sequence 

<220> 

<22I> niociified base 
<222> (B> (flT 
<223> mSc 

<400> 8 

tccatgtngt tcctgatgct 20 

<210> 9 

<2jLl> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> tnodified^base 
<222> (L1)...{11) 

<223> mSc 



<210> 10 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<22a> 

<221> modif ied_j3aaB 
<222> (8) . . . (8) 
<223> mSc 

<400> 10 

tccatgangt tcctgatgct 20 



<400> 
ggtgaggtg 



7 



<4C0> 9 
gctaccttag ngtga 



15 



<210> 11 
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<211> 20 

<212> DMA 

<213> Artificial 



3 

Sequence 



<220> 

<221> znodified^base 
<222> (13>*..{13) 
<223> xn5c 

<400> 11 

tccatgacgt tcntgatgct 20 



<2LD> 12 
<211> 15 
<212> D»A 

<213> Artificial Sequence 



<220> 

<221> modified base 
<222>. (7) . , . {77 
<223> mSc 



<400> 12 

gctagangtt agtgt 15 

<210> 13 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 13 

agctccatgg tgctcactg 19 

<2aO> 14 « 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 14 

ccacgtcgac cctcaggcga 20 



<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 15 

gcacdtcgtc ccgcagccga 20 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 16 

gtcactcgtg gtacctega 19 

<:210> 17 
<211> 25 
<2i2> DNA 

<213> Artificial Sequence 
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<400> L7 
gttggatacd ggccagaott tgttg 



25 



<213> Artificial Sequence 



<2I0> 18 
<211> 25 
<212> DNA 



<40D> 18 
gattcaactt gcgctcatct taggc 



25 



<21D> 19. 
<211> 24 
.<212> DKA 

<213> Artificial Sequence 
<400> 19 

accatggaog aactgtttcc cctc 24 

<210> 20 
<2ai> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 20 

accatggacg agctgtttcc cctc 24 

<210> 21 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<210> 22 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 22 

accatggacg tactgtttco cctc 24 

<210> 23 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 23 

accatggacg gtctgtttcc cctc 24 

<210> 24 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<400> 21 
accatggacg acctgtttcc cctc 



24 



<400> 24 
accatggacg ttctgtttcc cctc 



<210> 25 
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<2U> 25 
<212> DNA 

<213> Artificial Sequence 
<400> 25 

ccactcacat ctgctgctcc acaag 25 

<210> 26 
<211> 25 
<212> DMA 

<213> Artificial Sequence 

<40Ci> 26 

acttctcata gtccctttgg tccag 25 

<210> 27 
<211> 20 
<2I2> DNA 

<213> Artificial Sequence 
<400> 27 

tccatgagct tcctgagtct 20 

<210> 28 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<221> modified^base 
<222> (9) . - . (9> 
.<223> I 

<221> modified^base 
<222> (11) . . . (11) 
<223> I 

<221> xnodified_ba3e 
<222> (15) - . . (15) 
<223> I 

<400> 29 

gaggaaggng nggangacgt 20 

<210> 29 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modif ied_ba3e 
<222> (7) . . . (71 
<223> I 

<221> mcdified^base 
<222> (13) . . . (13) 
<223> I 

<221> modified^base 
<222> {18) . . . (18) 
<223> I 
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<40P> 29 
gtgaatncgt tcncgggact 

<210> 30 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 30 

aaaaaa 

<210> 31 
<211> 6 
<2I2> DNA 

<2I3> Artificial Sequence 
<400> 31 

cccccc 

<210> 32 
<211> 6 
<:212> DNA 

<213> Artificial Sequence 
<400> 32 

ctgtca 

<210> 33 

<211> S 
<212> DNA 

<213> Artificial Sequence 
<400> 33 

tcgtag 

<210> 34 
<211> 6 
<2a2> DNA 

<213> Artificial Sequence 
<400> 34 

tcgtgg 

<210> 35 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<40D> 35 

cgtcgt 

<210> 36. 

<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 36 
tccatgtcgg tccfcgagtct 

<210> 37 



6 

20 
6 
6 
6 
6 
6 
6 

20 
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7 



<211> 20 
<212> DNA 

<2I3> Artificial Sequence 



<400> 37 
tccatgccgg tcotgagtct 



20 



<210> 38 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<4 0O> 38 

tccatgacgg tcctgagtct 20 

<210> 39 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 39 

tccatgacgg tcctgagtct 20 

<210> 40 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 40 

tccatgtcga tcctgagtct 20 

<21D> 41 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 42 
<211> 20 
<212> DNA 

<213> Artificial Sequence , 
<400> 42 

tccatgtcgt tcctgagtct 20 

<210> 43 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 44 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 44 
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20 



<400> 43 
tccatgaogt tcctgagtct 



20 
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tccataacgt tcctgagtct 20 

<2L0> 45 
<2L1> 20 
<2L2> DKA 

<2I3> Artificial Sequence 
<400> 45 

tccatgacgt ccctgagtct . 20 

<210> 46 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 46 

tccatcacgt gcctgagtct 20 

<210> 47 
<211> 20 
<2I2> DNA 

<2t3> Artificial Sequence 
<400> 47 

tccatgctgg tcctgagtct 20 

<2L0> 48 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modifiedjDase 
<222> (6). ..(8) 
<223> m5c 

<400> 48 

tccatgtngg tcctgagtct 20 

<210> 49 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<400> 49 

ccgcttcctc cagatgagct catgggtttc tccaccaag 39 

<210> 50 
<211> 39 
<2X2> DNA 

<213> Artificial Sequence 
<400> 50 

cttggtggag aaacccatga gctcatctgg aggaagcgg 39 

<210> 51 
<211> 20 
<212> DNA 

<213> Artificial Secjuence 
<400> 51 
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ccccaaaggg atgagaagtt 20 

<210> 52 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<flOO> 32 

agatagcaaa tcggctgacg 2D 

<210> 53 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 53 

ggttcacgtg ctcatggctg 20 

<210> 54 
<211> 18 
<212> DMA 

<213> Artificial Sequence 
<400> 54 

tctcccagcg tgcgccat 18 

<210> 55 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<40a> 55 

tctcccagcg tgogccat 18 

<210> 56 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 56 

taccgcgtgc gaccctct 18 

<210> 57 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 57 

ataatccagc ttgaaccaag 20 

<210> 58 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 58 

ataatcgacg ttcaagcaag 20 

<210> 59 
<211> 20 
<212> DNA 
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<2I3> Artificial Sequence 



<400> 59 
tccatgattt tcctgatttt 



20 



<210> 60 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 60 

ttgttttttt gtttttttgt tttt 24 

<210> 61 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 61 

ttttttttgt ttttttgttt tt 22 

<2ia> 62 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 62 

tgctgctttt gtgcttttgt gctt 24 

<210> 63 
<211> 22 
<212> DNA 

<2I3> Artificial Sequence 
<400> 63 

tgctgcttgt gcttttgtgc tt 22 

<210> 64 
<21l> 23 
<212> DNA 

<213> Artificial Sequence 
<4O0> 64 

gcattcatca ggcgggcaag aat 23 

<210> 65 
<2ai> 23 
<212> DNA 

<213> Artificial Sequence 



<210> 66 
<211> 15 
<212> DNA 

<2a3> Artificial Sequence 
<400> 66 

gcatgacgtt gagct 15 



<400> 65 
taccgagctt cgacgagatt tee 



23 
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<210> 67 
<211> 15 
<2i2> DMA 

<213> Artificial Sequence 
<400> 67 

cacgttgagg ggcat 15 

<;210> 68 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 68 

ctgctgagao tggag 15 

<210> 69 
<211> 20 
<212> D»A 

<213> Artificial Sequence 
<400> 69 

. tccatgacgt tcctgacgtt 20 

<210> 70 
<211> 17 
<212> DMA 

<213> Artificial Sequence 
<400> 70 

gcatgagctt gagctga 17 

<210> 71 
<211> 12 
<212> DHA 

<213> Artificial Sequence 



<210> 72 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 72 

atgacgttcc tgacgtt 17 

<210> 73 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 71 
tcagcgtgcg cc 



12 



<400> 73 
ttttggggtt ttggggtttt 



20 



<210> 74 
<211> 20 
<212> D»A 



<213> Artificial Sequence 
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<4 00> 74 
tcfcaggcttt ttaggcttcc 



20 



<210> 75 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<400> 75 

tgcatttttt aggccaccat 20 

<210> 76 
<211> 22 
<212> DNA 

<213> Artificial .Sequence 
<400> 76 

tctcccagcg tgcgtgcgcc at 22 
<210> 77 

<211> 17 . ' ^ 

<212> DNA 

<2I3> Artificial Sequence 



<210> 78 
<211> 18 

<212> DNA 

<213> Artificial Sequence 
<400> 78 

tctcccagcg agcgccat Id 

<210> 79 
<211> 18 
<212> ,DNA 

<213> Artificial Sequence 
<400> 79 

tctcccagcg cgcgccat , 19 

<210> 80 
<211> 19 
<212> DNA 

•c213> Artificial Sequence 



<210> 81 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 81 

ggggtccagc gtgcgccatg gggg 24 



<400> 77 ^ 
tctcccagcg ggcgcat 



17 



<400> 80 
ggggtgacgt tcagggggg 



19 



<2iO> 82 
<r211> L9 
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<212> DMA 

<213> Artificial Sequence 



<400> 82 

ggggtgtcgt teagggggg 19 

<210> 83 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 83 

tccatgtcgt tootgtcgtt 20 

<210> 84 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 84 

tccatagcgt tcctagcgtt 20 

<210> 85 
<211> 21 

<212> om 

<213> Artificial Sequence 



<400> 85 

tcgtcgctgt ctccgcttct t 21 

<210> 86 
<211> 15 

<212> om 

<213> Artificial Sequence 



<400> 86 

gcatgacgtt gagct 15 

<210> 87 
<2H> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 87 < 

tctcccagcg tgcgccatat 20 



<210> 88 
<211> 20 
<212> DNA 
<213> Artificial 



Sequence 



<220> 

<221> modified base 
<222> {8) . (SY 
<223> mSc 



<22L> modifiedjbase 
<222> 117)... (17) 
<223> m5c 



<400> 88 
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tccatgangt tcctgangtt 20 

<210> 89 

<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> jnodified_base 
<222> (7).., (7) 
<223> 2n5c 

<400> es 

gcatgangtt gagct 1^ 

<2L0> 90 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<4O0> 90 

tccagcgtgc gccata 16 
<210> 91 

<zn> 18 

<212> DNA 

<213> Artificial Sequence 
<400> 91 

tctcccagcg tgcgccat 18 

<210> 92 
<211> 20 
<:2i2> DNA 

<213> Artificial Sequence 
<400> 92 

tccatgagct tcctgagtct 20 

<210> 93 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 93 

gcatgtcgtt gagct 15 

<210> 94 
<21L> 19 
<212> DWA 

<213> Artificial Sequence 
<400> 94 

tcctgacgtt cctgacgtt 1^ 

<210> 95 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 95 
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gcatgatgtt gaqct 15 

<210> 96 
<211> 15 
<2I2> DHA 

<2L3> Artificial Seqvenoe 
<400> 96 

gcatttegag gagct 15 

<210> 97 
<211> L5 
<212> DNA 

<213> Artificial Seqvwce 
<400> 97 

gcatgtagct gagct IS 

<210> 98 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<40O> 98 

tccaggaegt tcctagttct 20 

<210> 99 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 99 

tccaggagct tcctagttct 2D 

<210> lOO 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 
<400> 100 

tccaggatgt tcctagttct 20 

<210> ID-l . 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<AOQ> 101 

■tccagtctag gcctagttct 20 

<210> 102 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 102 

tccagttcga gcctagttct 20 

<210> 103 
<211> 15 
<212> DNA 
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<2I3> Artificial Sequence 



<400> 103 
gcatggcgtt gagct 



15 



<210> 104 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 104 

gcatagcgtt gagct 15 

<210> 105 

<211> 15 

<212> DNA 

<213> Artificial Sequence 



<210> 106 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<4O0> 106 

gcttgogttg cgttt .15 

<210> 107 
<211> 21 
<212> DWl 

<213> Artificial Sequence 



<210> 108 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 108 

tctcccagcg tgcgttatat 20 

<210> 109 

<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 110 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 110 

tctgcgtgcg tgcgccatat 20 



<400> 105 
gcattgcqtt gagct 



15 



<40D> 107 
tctcccagcg ttgcgccata t 



<400> 109 
tctccctgcg tgcgccatat 



20 
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<210> 111 
<211> 20 
<2L2> DRR 

<2L3> Axtificial Sequence 

<400> 111 

tctcctagcg tgcgccatat 20 

<210> 112 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 112 

tctcccagcg tgcgcctttt 20 

<210> 113 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc^difference 

<222> (5) . . . (5) 

<223> n is a or g or c or t/u 

<221> mi6c_difference 
<222> (6) . . . (6) 

<223> d is a or g or t/u; not e 

<221> misc_dif f erence 

<222> (9) . . . (10) 

<223> h is a or c or t/u; not g 

<400> 113 

gctandcghh age 13 

<210> 114 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<400> 114 

tcctgacgtt ccc 13 

<210> 115 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<40a> 115 

ggaagacgtt aga 13 

<210> 116 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<400> 116 

tcctgacgtt aga * 13 
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<210> 117 
<211> 27 
<212> DNA 

<213> Artificxdl Sequence 
<4Q0> 117 

tcagaccagc tggtcgggtg ttcctga 27 

<210> IIB 
<211> 27 
<212> DNA 

<:213> Artificial Sequence 
<400> lis 

tcAggadcac ccgaccagct ggtctga 27 

<210> 11& 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<400> 119 

gctagtcgat age 13 

<210> 120 
<211> 13 
<212> DHA 

<213> Artificial Sequence 
<4 0O> 120 

gctagtcgct age 13 

<210> 121 
<211> 10 
<212> DKA 

<213> Artificial Sequence 
<40Q> 121 

gctrtgacgtc tagc 14 

<210> 122 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<40D> 122 

gcttgacgtt tagc 14 

<2L0> 123 
<211> 14 
<212> mA 

<213> Artificial Sequence 
<4 00> 123 

gcttgacgtc aagc 14 

<210> 124 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
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<400> 124 

gctagacgtt tagc 14 

<210> 125 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 125 

tccatgacat tcctgatgct 20 

<210> 126 
<211> 14 
<212> DMA 

<213> Artificial Sequence 
<400> 126 

gctagacgtc tagc 14 

<210> 127 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

<400> 127 

ggctatgtcg ttcctagcc 19 

<210> 128 
<21I> 19 
<212> DMA 

<213> Artificial Sequence 
<400> 12B 

ggctatgtcg atcctagcc 19 

<210> 129 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<400> 129 

ctcatgggtt tctccaccaa g 21 

<210> 130 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<400> 130 

cttggtggag aaacccatga g 21 

<210> 131 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 131 

tccatgacgt tcctagttct 20 

<210> 132 
<211> 24 
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<212> DM 

<2I3> Artificial Sequence 



<400> 132 
ccgcttcctc cagatgagct catg 



24 



<210> 133 
<211> 24 
<212> DKA 

<213> Artificial Sequence 
<400> 133 

catgagctca tctggaggaa gcgg 24 

<210> 134 
<2ai> 24 
<2I2> DNA 

<213> Artificial Sequence 



<210> 135 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<40a> 135 

ggagaaaccc atgagctcat ctgg 24 

<210> 136 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<40Q> 136 

agcatcagga acgacatgga 20 

<210> 137 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 138 
<211> 19 
<212> DMA 

<213> Artificial Sequence 
<400> 136 

gcgcgcgcgc gcgcgcgcg 19 
<210> 133 

<21L> 20 • 
^ <212> DNA 
<213> Artificial Sequence 

<4Q0> 139 

ccggccggcc ggccggccgg 20 



<400> 134 
ccagatgagc tcatgggttt ctcc 



24 



<400> 137 
tccatgacgt tcctgacgtfc 



20 
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<210> L40 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<400> 140 

ttccaaiLCag ccccacccgc tctggcccca ccctcaccct cca 43 

<210> 141 
<211> 43 
<212> PWA 

<213> Artificial Sequence 
<400> 141 

tggegggtga gggtggggcc agegcgggtg gggctgattg gaa 43 

<210> 142 
<211> 27 
<212> DNA 

<213> Artificial Sequence 



<210> 143 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<400> 143 

agactcatgg gaaaatccca catttga 27 

<210> 144 
<211> 27 
<212> DNA 

<213> Artificial Sequence 



<210> 145 
<211> 27 . 
<212> DNA 

<213> Artificial Sequence 
<400> 145 

tctttattag tgactcagca cttggca - 27 

<210> 146 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



<400> 142 
tcaaatgtgg gattttccca tgagtct 



27 



<400> 144 
tgccaagtgc t^agticacta ataaaga 



27 



<400> 146 
tgcaggaagt ccgggttttc cccaaccccc c 



31 



<210> 147 
<211> 31 
<212> DNA 



<213> Artificial Sequence 
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<400> 147 
ggggggttgg ggaaaacccg gacttcctgc a 

<210> 148 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 148 

ggggactttc cgctggggac tttccagggg gactttoc 

<210> 149 
<2ll> 4S 
<212> OlJA 

<313> Artificial Sequence 
<400> 149 

,tccatgacgt tcctctccat gacgttcctc tccatgacgt tcctc 

<210> 150 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<400> 150 

gaggaacgtc atggagagga acgtcatgga gaggaacgtc atgga 

<210> 151 

<211> 20 
<Z12> Dm 

<2I3> Artificial Sequence 

<400> 151 
ataatagagc ttcaagcaag 

<210> 152 
<211> 20 
<212> DHA 

<213> Artificial Sequence 

<400> 152 
tccatgacgt tcctgacgtt 

<210> 153 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 153 
tccatgacgt tcctgacgtt 

<210> 154 

<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 154 
tccaggactt tcctcaggtt 

<210> 155 
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<211> 45 
<212> DNA 

<213> Artificial Sequence 
<40Q> 155 

tcttqcgatg ctaaaggacg tcacattgca caatcttaat aaggt 

<210> 156 
<211> 45 
<212> DNA 

<213> Artificial Sequence 

<400> 156 

accttattaa gattgtgcaa tgtgacgtcc tttagcatcg caaga 

<210> 157 
<211> 2B 
<212> DNA 

<213> Artificial Sequence 

<400> 157 
tcctgacgtt cctggcggtc ctgtcgct 

<210> 158 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<400> 158 
tcctgtcgct cctgtcgct 

<210> 159 
<211> 15 
<212> DNA 

<213> Artificial Sequence 

<400> 159 
tcctgacgtt gaagt 

<210> 160 
<211> 15 
<212> DNA 

<213> Artificial Sequence 

<400> 160 
tcctgtcgtt gaagt 

<210> ISl 
<211> I'S 
<212> DNA 

<213> Artificial Sequence 

<400> 161 
tcctggcgtt gaagt 

<210> 162 
<21L> 15 
<212> DNA 

<213> Artificial Sequence 
<:400> 162 
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tcctgccgtt gaagt 15 

<210> 163 ■ 
<211> 15 
<212> DNA 

<2I3> Artificial Sequence 
<400> 163 

tccttacgtt gaagt IS 

<210> 164 
<211> 15 
<2I2> DKA 

<2I3> Artificial Sequence 

<400> 164 

tcctaacgtt gaagt 15 

<210> 165 
<211> 15 
<2I2> DKA 

<2I3> Artificial Sequence 
<400> 165 

tcctcacgtt gaagt ' 1^ 

<210> 166 
<211> 15 
<2i2> DNA 

<213> Artificial Sequence 
<40D> 166 

tcctgaogat gaagt 15 

<210> 167 
<2I1> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 167 

tcctgacgct gaagt 15 

<210> 168 
<211> 15 
<2I2> DNA 

<213> Artificial Sequence 
<400> 168 

tcctgacggt gaagt 15 

<210> 169 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 169 

tcotgacgta gaagt 15 

<210> 170 
<211> 15 
<212> DNA 
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<213> Artificial Sequence 

<4oo> no 

tcctgacgtc gaagt 15 

<210> 171 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 171 

tcctgacgtg gaagt 15 

<210> 172 
<211> 15 
<212> D»A 

<213> Artificial Sequence 
<400> 172 

tcctgagctt gaagt 15 

<210> 173 
* <211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 173 

gggggacgtt ggggg 15 

<2aO> 174 
<211> 15 
<212> Dim 

<213> Artificial Sequence 
<400> 174 

tcctgacgtt ccttc 15 

<210> 175 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 175 

tctcccagcg agcgagcgcc at 22 

<210> 176 

<211> 32 
<212> DNA 

<213> Artificial Sequence 
<400> lie 

tcctgacgtt cccctggcgg tcccctgtcg ct 32 

<210> 177 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<400> 177 

tcctgtcgot cctgtcgGtc ctgtcgct 28 
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<210> 178 
<211> 15 
• <212> DNA 
<213> Axtiflclal Sequence 

<400> 178 

tcctggcggg gaagt 15 

<210> 179 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modifieci_base 
<222> 17) , (7) 
<223> m5c 

<:400> 179 

tcctgangtt gaagt 15 

<210> 180 

<211> 15 

<212> DHA 

<213> Artificial Sequence 

<220> 

<221> mociifieci_base 

<2Z2> (3) . . . (3) 

<223> raSc 

<400> 180 

tcntgacgtt gaagt IS 

<210> 181 
<211> 15 
<212> DNA 
' <213> Artificial Sequence 

<400> 181 

tcctagcgtt gaagt 15 

<210> 182 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 182 

tcqagacgtt gaagt 15 

<210> 183 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 183 

tcctgacggg gaagt 15 

<210> 184 
<211> 15 
<212> DNA 
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<213> Artificial Sequence 



<400> 184 
tcctggcggt gaagt 



15 



. <2I0> 185 
<2L1> 27 ■ 
<212> DNA 

<213> Artificial Sequence 
<400> IBS 

ggctccgggg agggaatttt tgtctat 27 

<210> 1B6 
<211> 27 
<212> DMA 

<213> Artificial Seqiaence 
<400> 186 

atagacaaaa attccctccc cggagcc 27 

<2ia> 187 
<211> 21 
<212> DMA 

<213> Artificial Sequence 



<210> 188 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 18B 

tcgtcgctgt ctccgcttct t 21 

<210> 189 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 189 

tcgtcgctgt ctccgcttct t 21 

<210> 190 
<211> 23 
<212> DNA 

<213> Artificial Sequence 



<210> 191 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 191 
cagattgtgc aatgtctoga 



<400> 187 
tccatgagct tccttgagtc t 



21 



<4 00> 190 
tcgagacatt gcacaatcat ctg 



23 
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<210> 192 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 192 

fcccatgtcgt tcctgatgcg 20 

<210> 193 
<211> 20 
<2I2> DNA 

c213> ActifiqiAl Seqvienee 
<400> 193 

gcgatgtcgt tcctgatgct 20 

<210> 194 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 194 

gcgatgtcgt tcctgatgcg 20 

<210> 195 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<40a> 195 

tccatgtcgt tccgcgcgcg 20 

<210> 196 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 196 

tccatgtcgt tcctgccgct 20 

<210> 197 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 197 

tccatgtcgt tcctgtagct 20 

<210> 19B 
<21L> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 198 

gcggegggcg gcgcgcgcec 20 

<210> 199 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
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<400> 199 

Btcaggaacg tcatgggaag c 21 

<210> 200 
<21I> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 200 

tccatgagct tcctgagtct 20 

<210> 201 
<211> « 
<212> DNA 

<213> Artificial Sequence 
<400> 201 

tcaacgtt 8 

<210> 202 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 202 

tcaagctt 8 

<210> 203 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 203 

tcctgtcgtt cctgtcgtt 19 

<210> 204 
<211> 20 
<212> DMA 

<213> Artificial Sec^ence 
<400> 204 

tooatgtcgt ttttgtcgtt 20 

<210> 205 
<211> 20 
<212> DMA 

<213> Artificial Sequence 

<400> 205 

tcctgtcgtt ccttgtcgtt 20 

<21D> 206 
<2L1> 20 
<2I2> DNA 

<2L3> Artificial Sequence 
<400> 206 

tccttgtcgt tcctgtcgtt 20 

<210> 207 
<211> 29 
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<212> DNA 

<2L3> Artificial Sequence 
<220> 

<221> misc_feature 
<222> {!)... (3) 

<223> Biatin moiety attached at 5' eod of sequence. 
<400> 207 

tccattccat gacgttcctg atgcttcca 29 

<210> 20B 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 
<400> 208 

tcctgtcgtt ttttgtcgtt 20 

<2I0> 209 
<211> 21 
<212> DNA 

<:213> Artificial Sequence 

<400> 209 

tcgtcgetgt ctccgcttct t 21 

<210> 210 
<2ai> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 210 

tcgtcgctgt ctgoccttct t 21 

<2iO> 211 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<4D0> 211 

tcgtcgctgt tgtcgtttot t 21 

<210> 212 * 
<211> 30 
<212> DNA 

<213> Artificial Seqtience 
<400> 212 

tcctgtcgtt cctgtcgttg gaacgacagg 30 

<210> 213 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 213 

tcctgtcgtt cctgtcgttt eaacgtcagg aacgacagga 40 

<210> 214 
<211> 21 
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<2L2> DNA 

<2L3> Artificial Sequence . 
<400> 214 

ggggtCtgtC gttttggggg g 21 

<2ia> 215 
<211> 21 
<2L2> DMA 

<213> Artificial Sequence 
<400> 215 

ggggtctgtg cttttggggg g 21 

<210> 2ie 
- <211> 15 
<212> DMA 

<2l3> Artificial Sequence 
<400> 216 

tccggccgtt gaagt 15 

<210> 217 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 217 

tccggacggt gaagt 15 

<210> 218 
<211> 15 
<212> DNA 
^ <213> Artificial Sequence 

<400> 218 

tcccgccgtt gaagt 15 

<210> 219 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 219 

tccagacggt gaagt 15 

<210> 220 
<211> 15 
<212> DNA 

<213> -Artificial Sequence 
<400> 220 

tcccgacggt gaagt 15 

<2ia> 221 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 221 

tccagagctt gaagt 15 
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<2L0> 222 
<211> 20 
<2L2> UNA 

<213> Artificial Sequence 
<220> 

<221> modified base 
<222> C8>. IS) 
<223> mSc 

<221> modified_base 
<222> (17)... (17} 
<223> m5c 

<400> 222 

tccatgtngt tcctgtngtt 20 

<210> 223 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 223 

tccatgacgt tcctgacgtt 20 

<210> 224 
<211> 20 
<212> ONA 

<213> Artificial Sequence 
<400> 224 

ggggttgacg ttttgggggg 20 

<210> 225 
<211> 20 
<212> D^JA 

<213> Artificial Sequence 
<400> 225 

tccaggactt ctctcaggtt 20 

<210> 226 
<21L> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 226 

tttttttttt tttttttttt ' 20 

<210> 227 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 227 

tccatgccgt tcctgccgtt 20 

<210> 228 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 
<400> 228 

tccatggcgg gcctggcggg 20 

<210> 229 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 229 

tccatgaogt tcctgccgtt 20 

<210> 230 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 230 

tccatgaogt tcctggcggg 20 

<210> 231 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 231 

tccatgaogt tcctgcgttt 20 

<210> 232 
<21I> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 232 

tccatgacgg tcctgacggt 20 

<210> 233 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 233 

tooatgcgtg cgtgcgtttt 20 

<210> 234 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 234 

tcoatgcgtt gcgttgcgtt 20 

<210> 235 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc^feature 
<222> (1) ,7, 13) 
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<223> Biotin moiaty attached at 5' end of sequence. 
<400> 235 

tccattccat tcta^gcctg agtottccat 30 

<2I0> 236 
<2L1> 20 
<2I2> DNA 

<213> Artificial Sequence 
<40D> 236 

tccatagcgt tcctagcgtt 20 

<210> 237 
<211> 20 
<212> DMA 

<2L3> Artificial Sequence 
<400> 237 

tccatgtcgt tcctgtcgtt 20 

<210> 238 
<2L1> 20 
<212> DNA ■ 

<213> Artificial Sequence 
<40D> 238 

tccatagcga tcctagcgat - 20 

<2L0> 239 
<2L1> 20 
<2I2> DNA 

<2I3> Artificial Sequence 
<40D> 239 

tccattgcgt tccttgcgtt 20 

<210> 240 
<2L1> 20 
<2L2> DNA 

<213> ArtificiaL Sequence 
<400> 240 

tccatagcgg tcctagcggt 20 

• 

<210> 241 
<211> 29 
<212> DNA 

<2I3> Artificial Sequence 
<400> 241 

tccatgattt tcctgcagtt cctgatttt 29 

<210> 242 
<211> 29 
<212> Wh 

<213> Artificial Sequence 
<4G0> 242 

tccatgacgt tcctgcagtt cctgacgtt 29 
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' <210> 243 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 243 

ggcggcggcg gcggcggcgg 20 

<210> 244 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 244 

tccacgacgt tttcgacgtt 20 

<210> 245 J. 
<211> 20 
<212> DMA 

<213> Artificial Sequence 



<210> 24 6 . 

<211> 24 

<212> DNA 

<213> Artificial Sequence 

<400> 246 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 24 7 I 

<211> 22 

<212> DMA 

<213> Artificial Sequence 



<210> 248 
<2ia> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 248 

gcgtgcgttg tcgttgtcgt t 21 

<210> 249 
<211> 19 
<2i2> DNA 

<213> Artifioial Sequence 
<220> 

<221> jnodified base 
<222> (2} . . . (27 
<223> mSc 

<221> jnodified_baee 
<222> (6) . , , <6) 
<223> mSc 



<400> 245 
tcgtcgttgt cgttgtcgtt 



20 



<40D> 247 
tcgtcgttgt cgttttgtcg tt 



22 
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<221> raodifi€d_bas8 
<222> (10) . , . (10) 
<223> raSc 

<221> Tnodlfied base 
<222> (15)-., (15) 
<223> mSc 

<400> 249 

cnggonggcn gggcncogg 19 

<210> 250 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 251 
c211> 20 
<212> DNA 

<213> Artificial Sequence 
<22a> 

<221> modifiddjDasrd 
<222> O) . * - (3) 
<223> I 

<221> modif ied_basB 
<222> {81 , ..(8) 
<223> I 

<221> mcdif ied_base 
<222> (14) . . . (14) 
<223> I 

<400> 251 



<210> 252 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 252 

tgtcgtttgt cgtttgtcgt t 21 

<210> 253 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<4 00> 253 

tgtcgttgtc gttgtcgttg tcgtt 25 

<210> 254 

<211> 25 
<212> DNA 

<213> Artificial Sequence 



<400> 250 
gcggcgggcg gcgcgcgccc 



20 




20 
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<400> 254 
tgtcgttgtc gttgtcgttg tcgtt 



25 



<2L0> 255 
<2I1> 14 
<212> DNA 

<2L3> Artificial Sequence 
<400> 255 

tcgtcgtcgt cgtt 14 

<210> 236 
<211> 13 
<212> DNA 

<213> Artificial Sequence 

<400> 256 

tgtcgttgtc gtt 13 

<210> 257 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 258 
<211> 20 
<212> DKA 

<213> Artificial Sequence 
<«00> 258 

tctagcgttt ttagcgttcc 20 

<210> 259 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 260 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<400> 260 

tcgtcgtcgt cgtcgtogto gtt 23 

<210> 261 
<211> 20 
<212> DKA 

<213> Artificial Sequence 



<400> 257 
cccccccccc cccccccccc 



20 



<400> 259 
tgcatccccc aggccaccat 



20 



<400> 261 
tcgtcgttgt cgttgtcgtt 



20 



<;210> 262 
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<211> 24 
<212> DI^A 

<213> ActificiaJl Sequance 
<400> 262 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 263 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<40a> 263 

tcgtcgttgt cgttttgtcg tt 22 

<210> 264 
<211> 39 
. <212> DNA 
<213> Artificial Sequence 

<400> 264 

ggggagggag gaacttctta aaattccccc agaatgttt 39 

<210> 265 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<400> 265 

aaacattctg ggggaatttt aagaagttcc tccctcccc 39 

<210> 266 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 266 

atgtttactt cttaaaattc ccccagaatg ttt 33 

<210> 267 
<211> 33 
<212> DHA 

<213> Artificial Sequence 
<400> 267 

aaacattctg ggggaatttt aagaagtaaa cat 33 

<210> 266 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 268 

atgtttacta gacaaaattc ccccagaatg ttt 33 

<210> 269 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 269 
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aaacattctg ggggaatttt gtctagtaaa 



cat 



33 



<210> 270 
<21L> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 270 

aaaattgacg ttttaaaaaa 20 

<210> 271 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 272 
<21L> 20 
<212> DHA 

<213> Artificial Sequence 
<400> 272 

ttttcgttgt ttttgtcgtt 20 

<210> 273 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 27 3 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 274 
<:211> 14 
<212> DNA 

<213> Artificial Sequence 
<40D> 274 

ctgcagcctg ggac 14 

<2L0> 275 
<211> 25 
<212> DNA 

<213> Artificial Sequence 



<210> 276 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 276 

ggtacctgtg gggacattgt g 21 



<400> 271 
ccccttgacg ttttcccccc 



20 



<400> 275 
acccgtcgta attatagtaa aaccc 



25 



<210> 277 
<211> 18 
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<212> DMA 

<213> Artificial Sequence 
<400> 277 

agoaccgaac gtgagagg 18 

<210> 278 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<4Q0> 27B 

tccatgcogt tcctgccgtt 20 

<210> 279 
<211> 20 
<2X2> DNA 

<213> Artificial Sequence 
<400> 279 

tccatgacgg tcctgacggt 20 

<210> 280 
<211> 20 
<2I2> DNA 

<213> Artificial Sequence 

<4O0> 280 

tccatgccgg tcctgccggt 20 

<210> 281 
<2L1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 281 

tccatgcgcg toctgcgcgt 20 

<210> 282 
<21I> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 282 

ctggtctttc tggttttttt ctgg 24 

<210> 283 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 283 

tcaggggtgg ggggaacctt 20 

<210> 284 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modified base 
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<222> {8) . (8) 
<223> roSc 

<40O> 284 

tccatgangt tcctagttet 20 

<210> 285 
<211> 20 
<2a2> DNA 

<213> Artificial Sequence 
<400> 285 

tccatgatgt tcctagttet 20 

<210> 286 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<400> 286 

cccgaagtca tttcctctta acctgg 26 

<210> 287 
<211> 2S 
<212> DNA 

<213> Artificial Sequence 
<40O> 287 

ccaggttaag aggaaatgac ttcggg 26 

<210> 288 
<211> 15 
<2I2> QNA 

<213> Artificial Sequence 



<220> 

<221> raodified base 
<222> (7).., (77 
<223> m5c 



<400> 288 

tcctggnggg gaagt 15 

<210> 289 

<211> 20 

<212> DMA 

<213> Artificial Sequence 



<220> 

<221> modified base 
<222> (2) . . . (27 
<223> m5c 

<221> Bodified^base 
<222> (5) . . . (5) 
C223> JnSc 

<221> modified^base 
<222> (9)... (9) 
<223> xnSc 
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<221> modified_base 
<222> (12) . . . (12) 
<223> mSc 

<:221> modified^baae 
<222> (14) . (14) 
<223> in5c 

<22L> modified base 
<222> (16>...{T6) 
<223> m5c 

<400> 299 

gnggngggng gngngngccc 20 

<210> 290 
<21I> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 290 

tccatgtgct tcctgatgct 2Q 

<210> 291 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 291 

tccatgtcct tcctgatgct 20 

<210> 292 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 292 

tccatgtcgt tcctagttct 20 

<2L0> 293 
<211> 20 
<212> DKA 

<2I3> Artificial Sequence 
<:flO0> 293 

tccaagtagt tcctagttcrt 20 

<210> 294 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 294 

tccatgtagt tcctagttct 20 

<2a0> 295 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 295 
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tcccgcgcgt tccgcgcgtt 20 

<210> 296 
<21l> 20 
<212> DMA 

<213> AEtificiaX Sequence 
<400> 296 " 

tcctggcggt cctggcggtt 20 

<210> 297 
<21L> 15 
<212> DMA 

<213> Artificial Sequence . 
<400> 297 

tcctggaggg gaagt 15 

<210> 298 
<211> 15 
<212> DMA 

<213> Artificial Sequence 
<400> 298 

tcctgggggg gaagt 15 

<210> 299 
<2I1> 15 
<212> DHA 

<213> Artificial Sequence 
<400> 299 

tcctggtggg gaagt 15 

<2L0> 300 
<2L1> 24 
<2L2> DNA 

<2L3> Artificial Sequence 
<400> 300 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 301 

<211> 24 
<212> DNA 

<213> Artificial Sequence 
<40D> 301 

ctggtetttc tggttttttt ctgg 24 

<210> 302 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 302 

tccatgacgt tcctgacgtt 20 

<210> 303 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 



<400> 303 
tccagyactt ctctcaggkt 



20 



<210> 304 
<21I> 24 
<212> DMA 

<213> Artificial Sequence 
<220> 

<221> modified^base 
<222> (2> . . . (2) 
<223> mSc 

<221> modifiedbase 
<222> (5) . {5) 
<223> mSc 

<221> modified^base 
<222> (13) • (13) 
<223> mSc 

<221> modified^baae 
<222> {21) . (21) 
<223> m5c 

<400> 304 

tngtngtttt gtngttttgt ngtt 24 

<210> 305 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> miec^feature 
<222> ID ... (3) 

<223> Biotln moiety attached at 5* end of eequence« 
<400> 305 

tcgtcgtttt gtcgttttgt cgttttttb 29 

<2ia> 306 
<211> IB 
<212> DKA 

<213> Artificial Sequence 



<210> 307 

<211> 8 

<212> DNA 

<213> Artificial Sequence 

<400> 307 

tcaacgtt 8 



<400> 306 
gctetgacgt tccaaggg 



18 



<210> 
<211> 



308 
20 
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<212> DMA 

<213> Artificial Sequence 
<400> 308 

tccaggactt tcctcaggtt 20 

<210> 303 
<2I1> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 303 

ctctctgtag gcccgcttgg 20 

<210> 310 
<2I1> 20 
<2L2> DNA 

<213> Artificial Sequence 
<400> 310 

ctttccgttg gacccctggg 20 

<2I0> 311 
<2L1> 20 
<2L2> DNA 

<2L3> Artificial Sequence 
<400> 311 

gtccgggcca ggccaaagtc ' 20 

<210> 312 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 312 

gtgcgcgcga gcocgaaatc 20 

<210> 313 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<221> modif ied_base 
<;222> (8)... (8) 
<223> J 

<221> modif ied_ba3e 
<222> (17) . . . {17) 
<223> I 

<400> 313 

tccatgangt tcctgangtt 20 

<210> 314 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 314 
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aatag^cgcc ataacaaaac 20 

<210> 315 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<«00> 315 

aatagtcgcc atggcggggc 20 

<210> 316 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> icdsc_dlfference 
<222> {1) . - . (3) 

<223> Biotin moiety attached at 5' end of sequence. 
<400> 316 

tttttecatg tcgttcctga tgcttttt ^ 2B 

<210> 317 
<211> 20 
<212> DHA 

<213> Artificial Sequence 
<400> 317 

tcctgtcgtt gaagtttttt 20 

<210> 318 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<400> 318 

gctagcttta gagctttaga gctt 24 

<210> 319 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<400> 319 

t get get tec cccccccccc 20 

<210> 320 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 320 

tcgacgttcc cccccccccc 20 

<210> 321 
<211> 20 
<212> DNA 

<2a3> Artificial Sequence 
<400> 321 
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tcgtcgttcc cccccccccc 20 

<210> 322 
<211> 20 

<212> om 

<213> Artificial Sequence 
<400> 322 

tcgtcgttcc cccccccccc 20 

<210> 323 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 323 

t&gccgttcc cccccccccc 20 

<210> 324 
<211> 20 
<212> DMA 

<2I3> Artificial Seqiience 
<400> 324 

tcgtcgatcc cccccccccc 20 

<210> 325 
<211> 15 
<212> DMA 

<2I3> Artificial Seqi;)ence 

<400> 325 

tcctgacgtt gaagt 15 

<210> 326 
<2U> 15 
<212> DWA 

<213> Artificial Sequence 
<400> 326 

tcctgccgtt gaagt 15 

<2I0> 327 
<211> X5 
<212> DMA 

<213> Artificial Sequence 
<400> 327 

tcctgacggt gaagt 15 

<2I0> 328 
<211> 15 
<212> D1SA 

<213> Artificial Sequence 
<4D0> 328 

tcctgagctt gaagt 15 

<210> 329 
<211> 15 
<212> Dm 
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<213> Artificidl Sequence 
<400> 329 

tcctggcggg gaagt 15 

<21D> 330 
<2ll> 21 
<2I2> DRA 

-c2I3> Artificial Sequence 
<400> 330 

aaaatctgtg cttttaaaaa a 2L 

<210> 331 
<211> 33 
<212> DNA 

<2I3> Artificial Sequence 
<400> 331 

gatccagtca cagtgacctg gcagaatctg gat 33 

<210> 332 
<2il> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 332 

gatccagatt ctgccaggtc actgtgactg gat 33 

<210> 333 
<211> 33 
<2L2> DNA 

<2L3> Artificial Sequence 
<4O0> 333 

gatccagtca cagtgactca gcagaatctg gat 33 

<21D> 334 
<2I1> 33 
<2I2> DNA 

<2L3> Artificial Sequence 
<400> 334 

gatccagatt ctgctgagtc actgtgactg gat 33 

<210> 335 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<22D> 

<221> modified base 
<222> (16)*.. 116) 
<223> mSc 

<40D> 335 

tcgtcgttcc cccccncccc 20 

<210> 336 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<221> modified base 
<222> (2)...(2T 
<223> mSc 

<221> niodified_base 
<222> (5) -..(5) 
<223> mSc 

<400> 336 

tngtngttcc cccccccccc 20 

<2i0> 337 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modified_base 
<222> (2) ... (2) 
<223> in5c 

<400> 337 

tz^gtcgttcc cccccccccc 20 

<210> 338 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> inodified_ba$e 
<222> (5) . • . (5) 
<223> inSc 

<400> 338 

tcgtngttcc cccccccccc 20 

<210> 339 
<211> 20 
<2i2> DNA 

<213> Artificial Sequence 
<400> 339 

tcgtcgctcc cccccccccc 20 

<210> 340 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 340 

tcgtcggtcc cccccccccc 20 

<210> 341 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 341 

tcggcgttcc cccccccccc 20 

<210> 342 
<211> 20 
<212> DMA 

<213> Arhificial Sequence 
<400> 342 

ggcottttcc cccccocccc 20 

<210> 343 
<211> 24 
<212> DNA 

<213> Artificial £fequence 
<400> 343 

tcgtcgtttt gacgttttgt cgtt 24 

<210> 344 
<211> 24 
<212> Dm 

<213> Artificial Sequence 
<400> 344 

tcgtcgtttt gacgttttga cgtt 24 

<210> 345 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 345 

ccgtcgttcc cccccccccc 20 

<210> 346 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 346 

gcgtcgttcc cccccccccc 2D 

<210> 347 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 347 

tcgtcattcc cccccccccc 20 

<210> 348 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 34B 

acgtcgttcc cccccccccc 20 

<210> 349 
<211> 20 
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<212> DMA 

<213> Artificial Sequence 
<400> 34 & 

ctgtcgttcc cccccccccc 20 

<210> 350 
<2ai> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 
<222> U) . * ^ (3J 

<223> Biotin moiety attached at 5' end of sequence, 
<400> 350 

tttttcqtcg ttccoccccc coca 24 
<210> 351 

<211> 20 ' 
<212> DMA 

<213> Artificial Sequence 
<220> 

<221> itiisc feature 
<222> {18)T. . (20) 

<223> Biotin moiety attached at 3' end of sequence » 
<400> 3S1 

tcgtcgttcc cccccccccc 2D 



<210> 352 
<211> 24 
<212> ONA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 
<222> (22) . . . (24) 

<223> Biotin moiety attached at 3' end of sequence. 



<4pO> 352 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 353 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 

<400> 353 

tccagttcct tcctcagtct 20 

<210> 354 
<211> 24 
<212> ONA 

<213> Artificial Sequence / 



<220> 

<221> ffiodifiedjbaae 
<222> |2| . , . (2) 
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<223> m5c 
<400> 354 

tngtcgtttt gtcgttttgt cgtt 24 

<210> 355 
<211> L3 
<212> DNA 

<213> Artificial Sequence 
<400> 355 

tcctggaggg gaagt 13 

<210> 356 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<4D0> 356 

tcctgaaaaq gaagt 15 

<2I0> 357 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<4 00> 357 

teg t eg t tec ccccccc 17 

<210> 358 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modified^base 
<222> (2) - . . (2) 
<223> jn5c 

<221> jacxiified base 
<222> (5)., . (ST 
<223> jn5c 

<221> modified Joase 
<232> (13) . . . (13) 
<223> inSc 

<221> modified^base 
<222> (21) ... (21) 
<223> mSc 

<400> 358 

tngtngtttt gtngttttgt ngtt 24 

<2I0> 359 
<2L1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 359 

ggggtcaagc ttgagggggg 20 
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<210> 360 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 360 

tgctgcttcc cccccccccc 20 

<210> 361 
<211> 14 
<212> DNA 

<213> Artificial Sequence 

<400> 361 

tcgtcgtcgt cgtt 14 

<210> 362 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 362 

tcgtcgtcgt cgtt 14 

<210> 363 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 363 

tcgtcgtcgt cgtt 14 

<210> 364 
<21l> 10 
<212> DNA 

<213> Artificial Sequence 
<40a> 364 

tcaacgttga 10 

<210> 365 
<21X> 9 
<212> DNA 

<213> Artificial S^squence 
<400> 365 

tcaacgtt 9 

<210> 366 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<4Q0> 366 

atagttttce atttttttae 20 

<210> 367 
<211> 20 
<212> DNA 
. <213> Artificial Sequence 
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<400> 367 
aata^cgcc atcgcgcgao 



20 



<210> 368 

<21L> 20 , 
<212> DNA 

<213> Artificial Sequance 
<400> 368 

aatagtcgoo atcccgggac 20 

<210> 369 
<211> 20 
<2I2> DNA 

<213> Artificial SaquenCd 
<400> 369 

aatagtcgcc atcccccccc 20 

<210> 370 
<211> 24 

<212> DNA 

<213> Artificial Sequence 



<210> 371 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 371 

ctgtgctttc tgtgtttttc tgtg 24 

<210> 372 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 372 

Ctaatctttc taattttttt ctaa ' 24 

<210> 373 
<211> 26 
<212> DKA 

<213> Artificial Sequence 



<210> 374 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 374 

tcgtcgttgg ttgtcgtttt ggtt 24 



<4Q0> 370 
tgctgctfctt gtgcttttgt gctt 



24 



<400> 373 
tcgtcgttgg tgtcgttggt gtcgtt 



26 



<210> 375 
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<211> 24 
<212> DMA 

<2I3> Artificial Sequence 



<400> 375 
accatggacg agctgtttcc cctc 



24 



<2I0> 375 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 
<400> 376 

tcgtcgtttt gcgtgcgttt 20 

<210> 377 
<211> 20 
<2I2> DMA 

<213> Artificial Sequence 



<210> 378 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 37B 

gagaacgctg gaccttcc 18 

<210> 379 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<4D0> 379 

ogggcgactc agtctatcgg 20 

<210> 380 
<211> 37 
<212> DNA 

<213> Artificial Sequence 



<210> 381 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<400> 381 

ttctgtgtct gttgctggtt ccgctttatc tgagaac 37 

<2I0> 382 
<211> 23 
<2L2> DMA 

<2L3> Artificial Sequence 



<:400> 377 
ctgtaagtga gcttggagag 



20 



<400> 380 

gttctcagat aaagcggaac cagcaacaga cacagaa 



37 



<400> 



382 
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cagacacaga agccc^atag acg 23 

<210> 383 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 383 

agacagacac gaaacgaccg 20 

<210> 384 
<211> 20 
<212> DNA 

<213> Artificial Sequance 
<400> 384 

gtctgtccca tgatctogaa 20 

<210> 385 
<211> 20 
<212> DHA 

<213> Artificial Sequence 
<400> 385 

gctggccagc ttacctcccg 20 

<210> 386 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 386 

ggggcctcta tacaacctgg g 21 

<210> 387 
<211> 18 

<212> DNA 

<213> Artificial Sequence 
<400> 387 

ggggtccctg agactgcc 16 

<210> 388 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 
<400> 388 

gagaacgctg gaccttccat 20 

<210> 389 
<23Ll> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 389 

tccatgtcgg tcctgatgct 20 

<210> 390 
<211> 20 
<212> DNA 
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<213> Artificial S&quence 

<400> 390 

ctcttgcgac ctggaaggta 20 

<210> 391 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 391 

aggtacagcc aggactacga 20 

<210> 392 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 392 

accatggacg acctgtttcc cctc 24 

<210> 393 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<400> 393 

accatggatt acctttttcc cctt 24 

<210> 394 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<400> 394 

atggaaggtc cagcgttctc 20 

<210> 395 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 395 

agcatcagga ccgacatgga * 20 

<210> 396 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 396 

ctctccaagc tcacttacag 20 

<210> 397 
<21L> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 397 

tccctgagac tgccccacct t 2L 
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<210> 398 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 398 

gccaccaaaa cttgtccatg 20 

<210> 399 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 399 

gtccatggcg tgcgggatga 20 

<210> 400 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 4 00 

cctctataca acctgggac 19 

<210> 4 01 
<211> 20 
<2I2> DHA 

<213> TUrtificial Sequence 
<400> 401 

cgggcgactc agtctatcgg 20 

<210> 402 
<211> 20 

<2I2> DNA 

<213> Artificial Sequence 
<400> 402 

gcgctaccgg tagcctgagt 20 

<210> 403 

<2li> 35 
<212> Dm 

<213> Artificial Sequence 
<400> 403 

cgactgccga acaggatatc ggtgatcagc actgg 35 

<210> 404 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<400> 404 

ccagtgctga tcaccgatat cctgttcggc agtcg 35 

<210> 405 
<2H> 17 
<212> DNA 

<213> Artificial Sequence 
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<400> 405 

ccaggttgta tagaggc 17 

<210> 406 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<4O0> 406 

tcteccagcg tacgccat 18 

<210> 407 
<211> 18 
<212> DNA 

<213> T^tificial Sequence 
<400> 407 

tcteccagcg tgcgtttt 18 

<210> 40B 
<211> 18 
<212> DI3A 

<213> Artificial Sequence 
<400> 40e 

tcteccgaog tgcgccat Ifl 

<210> 409 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 409 

tctcccgtcg tgcgccat IB 

<210> 410 
<211> 20 
<212> DKA 

<213> Artificial Sequence 
<400> 410 

ataatcgtcg ttcaagcaag 20 

<2I0> 411 
<211> 23 
<2L2> DNA 

<213> Artificial Sequence 
<400> 411 

tcgtcgtttt gtcgttttgt cgt 23 

<210> 412 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 412 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 413 
<211> 24 
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<212> DNA 

<213> Artificial Sequence 
<400> 413 

tcgtcgtttt gtcgttttgt cgtt ,24 

<2L0> 414 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> mlBc_diffBrence 

<222> (3) . . * (3) 

<223> n is a or c or g or t/u 

<221> misc_difference 

<222> (8) . , . (8} 

<223> n is a or c or g or t/u 

<221> misc_di£ference 

<222> (11) ... (11) 

<223> n is a or c or g or t/u 

<221> misc_dif ference 

<222> (16) . . . (16) 

<223> n is a or c or g or t/u 

<22l> miae_difference 

<222> (19) , , , (19) 

<223> n is a or c or g or t/u 

<22I> mi9C difference 

<222> (24)7. • (24) 

<223> n is a or c or g or t/u 

<400> 414 

tcntcgtntt ntcgtnttnt cgtn 24 

<210> 415 
<211> 17 

<212> DNA 

<213> Artificial Sequence 
<400> 415 

tctcccagcg tcgccat 17 

<210> 416 
<2ll> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 416 

tctcccatcg tcgccat 17 

<210> 417 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 417 
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ataatcgtgc gttcaagafta g 21 

<210> 418 
<211> 20 
<212> DHA 

<213> Artificial Sequence 

<400> 41B 

ataatcgacg ttcccccccc 20 

<2I0>' 419 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<4Q0> 4Ld 

tctatcgacg ttcaagcaag 20 

<21D> 420 . . 

<2U> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 420 

tcctgacggg gagt 14 

<210> 421 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<4aO> 421 

tccatgacgt tcctgatcc 19 

<210> 422 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400>.422 

tccatgacgt tcctgatoc 19 

<210> 423 
<21L> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 423 

tccatgacgt tcctgatcc 19 

<210> 424 
<211> 15 
<212> Dm 

<213> Artificial Sequence 

<400> 424 

tcctggcgtg gaagt 15 

<210> 425 
<211> 19 
<212> DNA 
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<2I3> Artificidl Sequence 

<400> 425 
tccatgacgt tcctgatcc 

<210> 426 
<21,1.> 21 
<2L2> DNA 

<2L3> Artificial Sequence 
<400> 426 

tcgtcgctgt tgtcgtttct t 21 

<2i0> 427 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 427 

agcagettta gagctttaga gctt 24 

<210> 428 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 426 

cccccccccc cccccccccc cccc 24 

<210> 429 
<211> 32 
<212> D^k 

<213> Artificial Sequence 
<400> 429 

tcgtcgtttt gtcgttttgt cgttttgtcg tt 32 

<210> 430 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<400> 430 

tcgtcgtttt ttgtcgtttt ttgtcgtt 23 

<210> 431 
<211> 2D 
<212> DNA 

<213> Artificial Sequence 

<400> 431 

tcgtcgtttt tttttttttt 20 

<210> 432 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 432 

tttttcaacg ttgatttttt 20 
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<2L0> 433 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 433 

tttttttttt tttttttttt tttt 24 

<210> 434 
<211> 20 
<212> DMA 
' <213> Artificial Sequence 

<400> 434 

ggggtcgtcg ttttgggggg 20 

<210> 43S 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 435 

tcgtcgtttt gtcgttttgg gggg 24 

<210> 436 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<400> 436 

tcgtcgctgt ctccgcttct tcttgcc 27 

<:210> 431 
■ <211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 437 

tcgtcgctgt ctccg 15 

<210> 438 
<211> 20 
<212> DNA 

<2X3> Artificial Sequence 
<400> 43B 

ctgtaagtga gcttggagag 20 

<210> 439 
<211> 2D 
<212> DNA 

<213> Artificial Sequence 
<400> 439 

gagaacgctg gaccttccat , 20 

<210> 440 
<211> L7 
<212> Dm 

<213> Artificial Sequence 



2/14/05, EAST Version: 2.0.1.4 



wo 01722972 



64 



<400> 440 
ccaggttgta tagaggc 



17 



<210> 441 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 441 

gctagacgtt agcgtga 17 

<210> 442 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 443 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 443 

tctccatgat ggttttatcg 20 

<210> 444 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<210> 445 
<211> 20 
<212> Dm 

<213> Artificial Sequence 
<400> 445 

■atcggaggac tggcgcgccg 20 

<210> 446 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 446 

ttaggacaag gtctagggtg 20 



<4 00> 442 
ggagctcttc gaacgccata 



20 



<400> 444 
aaggtggggc agtctcaggg a 



21 



<210> 447 
<211> 20 
<212> DNA 



<213> Artificial Sequence 



<400> 44"? 
accacaacga gaggaacgca 



20 



<210> 448 
<2I1> 20 
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<212> DNA 

<213> Artificial Sequence 
. <400> 448 

ggcagtgcag gctcaccggg 20 

<210> 449 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 449 

gaaccttcca tgctgtt 17 

<210> 450 ' " ' 

<211> 17 
<212> DNA 

<2I3> Artificial Sequence 
• <400> 450 

gctagacgtt agcgtga 17 

<210> 451 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 451 

gcttggaggg cctgtaagtg 20 

<210> 452 
<2ai> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 452 

gtagccttcc ta 12 

<2I0> 453 
<211> 14 
<2i2> DNA 

<213> Artificial Sequence 
<400> 453 

cggtagcctt ccta 14 

<210> 454 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<400> 454 

cacggtagcc ttccta 16 

<210> 455 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 455 

agcacggtag ccttccta 18 
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<210> 456 
<211> 18 
<212> DMA 

<213> Artificial Sequence 
<400> 456 

gaacgctgga ccttccat IB 

<210> 457 
<211> ID 
<212> DMA 

<213> Artificial Sequence 
<400> 457 

geccttccat 10 

<210> 458 
<211> 12 
<212> D^SA 

<213> Artificial Sequence 
<400> 45B 

tggaccttcc at 12 

<210> 459 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 459 

gctggacctt ccat 14 

<210> 460 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<400> 4 60 

acgctggecc ttccat 16 

<210> 461 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 461 

taagctctgt caacgccagg 20 

<210> 452 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 462 

gagaacgctg gaccttccat gt 22 

<210> 463 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 463 

tccatgtcgg tcctgatgct 20 

<210> 4 64 
<211> 21 
<212> DNA 

<213> Artificial Sequence. 
<400> 4 64 

ttcatgcctt gcaaaatggc g 21 

<210> 4 65 
<211> 20 
<212> DNA 

<213> Artificial. Sequence 
<400> 465 

tgctagctgt gcctgtacct 20 

<210> 466 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 466 

agcatcagga ccgacatgga 20 

<210> 467 

<21I> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 467 

gaccttccat gtcggtcctg at 22 

<210> 468 
<211> 20 

<212> DNA : 
<213> Artificial Sequence 

<400> 468 

acaaccacga gC^Eaggaac 20 

<210> 469 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 469 

gaaccttcca tgctgttccg 20 

<210> 470 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 470 

caatcaatct gaggagaccc 20 
<210> 471 
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<211> 20 
<2L2> DNA 

<2I3> Artificial Sequence 
<400> 171 

tcagctotgg tactttttca 20 

<210> 472 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 472 

tggttacggt ctgtcccatg 20 

<210> 473 
<211> 20 

<212> DNA 

<2I3> Artificial Seqiaence 
<400> 473 

gtctatcgga ggactggcgc . 20 

<21D> 474 
<Z11> 20 
<212> DNA 

<2L3> Artificial Sequence 
<400> 474 

oattttacgg gcgggcgggc 20 

<2I0> 475 
<211> 20 
<:212> DHA 

<213> Artificial Sequence 
<400> 475 

gaggggacca ttttacgggc 20 

<210> 476 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 476 

tgtccagccg aggggaccat 20 

<210> 477 

<2I1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 477 

cgggcbtacg gcggatgctg 20 

<2I0> 478 
<:2L1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 478 
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tggaccttct atgtcggtcc 20 

<2I0> 479 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 479 

tgtcccatgt ttttagaagc 20 

<210> 480 
<211> 20 
<212> DliA 

<213> Artificial Sequence 
<400> 480 

gtggttacgg tcgtgcccat 20 

<2l6> 481 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 481 

cctccaaatg aaagaccccc 20 

<210> 482 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 482 

ttgtactctc catgatggtt 20 

<210> 483 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 483 

ttccatgctg ttccggctgg 20 

<210> 484 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 484 

gaccttctat gtcggtcctg 20 

<210> 485 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 
<40D> 485 

gagaccgctc gaccttcgat 20 

<210> 486 
<211> 20 
<212> D^^A 
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<2I3> Artificial Sequence 

<400> 486 
ttgccccata ttttagaaac 

<210> 487 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<400> 487 
ttgaaactga ggtgggac 

<210> 488 
<21L> 21 
<212> DNA 

<213> Artificial Sequence 

<400> 488 
ctatcggagg acnggcgcgc c 

<210> 489 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 489 
ottggagggc ctcccggcgg 

<210> 490 
<21L> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 490 
gctgaacett ccatgctgtt 

<210> 491 
<211> 32 
<212> DNA 

<213> Artificial Sequence 

<400> 491 
tagaaacagc attcttcttt tagggcagca ca 

<210> 492 
<211> 24 
<212> ONA 

<213> Artificial Sequence 

<400> 492 
agatggttct cagataaagc ggaa 

<210> 493 
<2ll> 24 
<212> DNA 

<213> Artificial Sequence 

<:400> 493 
ttccgcttta tctgagaacc atct 
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<2L0> 494 
■ <211> 23 
<212> DNA 

<2i3> Artificial Sequence 
<400> 494 

gtcccaggtt gtatagaggc tgc 23 

<210> 495 
<2L1> 20 
<2I2> DNA 

<2L3> Artificial Sequence 
<400> 49S 

Qcgccagtcc tccgatagac 20 

<210> 496 
<211> 20 
<212> DMA 

<2L3> Artificial Sequence 
<40D> 4 96 

atcggaggac tggcgcgccg 20 

<210> 497 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 497 

ggtctgtccc atatttttag 20 

<2L0> 498 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 498 

tttttcaacg ttgagggggg 20 

<210> 499 
<211> 21 
<212> DMA 

<213> Artificial Sequence 
<400> 499 

ttttteaagc gttgattttt t 21 

<210> 500 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<4 00> 500 

ggggtcaacg ttgatttttt 20 

<210> 501 
<211> 25 
<212> DMA 

<213> Artificial Sequence 
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<400> 501 

gggsttttca acgttttgag gggg9 25 

<210> 502 
<21I> 2D 

<212> om 

<213> Artificial Sequence 
<400> 502 

ggttacggtc tgtcccatat 20 

<210> 503 
<21I> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 503 

ctgtcccata tttttagaca 20 

<210> 5D4 
<21I> 20 
<212> om 

<213> Artificial Sequence 
<400> 504 

accatcctga ggccattcgg , 20 

<210> 505 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<400> 505 

cgtctatogg gcttctgtgt ctg 23 

<210> 506 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 506 

ggccatccca cattgaaagt t 21 

<210> 507 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 507 

ccaaatatcg gtggtcaagc ac 22 

<210> 508 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 508 

gtgcttgacc accgatattt gg 22 

<210> 509 
<211> 26 
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<2L2> DNA 

<213> Artificial Sequence 
<400> 509 

gtgctgatca ccgatatoot gttcgg 26 

<210> 510 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<400> 510 

ggccaacttt caatgtggga tggcctc 27 

<210> 511 
<211> 27 
<212> DNA 

<213> Artificial Seqruence 
<4pO> 511 

ttccgccgaa tggcctcagg atggtac 27 

<210> 512 
<211> 3e 
<212> DNA 

<213> Artificial Sequence 
<400> 512 

tatagtccct gagactgccc caccttctca acaaao 36 

<210> 513 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<400> 513 

gcagcctcta tacaacctgg qacqqqa 27 

<210> 514 
<211> 22 
<212> DMA 

<213> Artificial Sequence 

<400> 514 

ctatcggagg actggcgcgc eg 22 

<210> 515 
<211> 21 

<212> DNA 

<213> Artificial Sequence 
<40O> 515 

tatcggagga ctggcgcgcc g 21 

<210> 516 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 516 

gatcggagga ctggcgcgcc g 21 
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<210> 517 
<211> 26 
<212> Dm 

<213> Artificial Sequence 
<400> 517 

ccgaacagga tatcggtgat ca^cac 26 

<:210> 518 
<21I> 24 
<Z12> DNA 

<213> Artificial Saquence 
<400> 518 

ttttggggtc aacgttgagg gggg 24 

<210> 519 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 519 

ggggtcaacg ttgagggggg 20 

<210> 520 
<2II> 20 
<2I2> DNA 

<213> Artificial Sequence 
<400> 520 

cgcgcgcgcg cgcgcgcgcg 2Q 

<210> 521 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 521 

ggggoatgac gttcgggggg 20 

<2X0> 522 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<4D0> 522 

ggggcatgac gttcaaaaaa 20 

<210> 523 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 523 

ggggcatgag cttcgggggg 20 

■<210> 524 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 524 

ggggcatgac gttcgggggg ^ 20 

<210> 525 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 525 

aaaiacatgac gttoaaaaaa 20 

<2a0> 526 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 526 

aaaacatgac gttcgggqgg 20 

<210> 527 
<211> 20 
<212> DWA 

<2I3> Artificial Sequence 
<400> 527 

ggggcatgat: gttcaaaaaa 20 

<210> 52B 
<:211> 24 

<212> D!^A 

<213> Artificial Sequence 
<400> 52B 

accatggacg atctgtttcc cctc 24 

<210> 52& 
<211> 24 
. <212> DNA 

<213> Artificial Sequence 
<400> 529 

gccatggacg aactgttccc cctc 24 

<210> 530 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 530 

CCCCCCCCCC CCCCCCCGCC * 20 

<210> 531 

<21L> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 531 

gggggggggg gggggggggq 20 
<210> 532 
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<211> 20 
<212> DNA. 

<213> Artificial Sequence 

<4O0> 532 
gctgtaaaat gaatcggccg 

<2LD> 533 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 

<400> 533 

ttcgggcgga ctcctccatt ' ^0 

<210> S34 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 534 
tatgccgcgc ccggaottat 

<210> 535 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 535 

ggggtaatcg atcagggggg 20 

<210> 536 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 53S 

tttgagaacg ctggaccttc 20 

<210> 537 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 537 

gatcgctgat ctaatgctcg 20 

<210> 538 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 538 

gtcggtcctg atgotgttcc 20 

<210> 539 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 539 
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tcgtcgtcag ttcgctgtcg 20 

<210> 540 
<211> IB 
<212> DMA 

<213> Artificial Sequence 
<400> 540 

ctggaccttc catgtcgg 19 

<210> 541 
<21I> 17 
<212> DNA 

<2a3> Artificial Sequence 
<400> 541 

gctcgttcag cgcgtct 17 

<210> 542 
<211> 16 
<212> DNA 

<213> Actificial Sequence 
<400> 542 

ctggaccttc catgtc 16 

<210> 543 
<211> 16 
<212> DMA 

<213> Artificial Sequence 

<400> 543 

cactgtcctt cgtcga 16 

<210> 544 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<400> 544 

cgctggacct tccatgtogg 20 

<210> 545 
<211> 20 
<:212> DNA 

<213> Artificial Sequence 
<400> 545 

gctgagctea tgccgtotgc 20 

<210> 546 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 546 

aacgctggac cttccatgtc 20 

<210> 547 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 

<400> 547 
tgcatgccgt acacagctct 

<210> 548 
<2I1> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 54B 
ccttccatgt cggtcctqat 

<210> 549 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 549 
tactcttcgg atcccttgcg 

<210> 550 
<211> 18 
<212> DMA 

<213> Artificial Sequence 

<400> 550 
ttccatgtcg gtcctgat 

<210> 551 
<211> IB 
<212> DNA 

<213> Actif iciaL Sequence 

<400> 551 
ctgattgctc tctcgtga 

<210> 552 
<211> 20 
<2a2> DHA 

<2I3> Artificial Sequence 

. <400> 552 
ggcgttattc ctgactcgcc 

<210> 553 
<211> 22 
<212> DNA . 

<213> Artificial Sequence 

<400> 553 
cctacgttgt atgcgcccag ct 

<210> 554 
<2L1> 20 
<212> DKA 

<213> Artificial Sequence 

<400> 554 
ggggtaatcg atgagggggg 
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<210> 555 
<211> 20 
<2I2> DNA 

<2L3> Artificial Sequence 

<40D> 555 
ttcgggcgga ctcctccatt 

<2L0> 556 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<40D> 556 
tttttttttt tttttttttt 

<210> 557 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 557 
gggggttttt ttttfcggggg 

<210> 558 
<211> 20 
<212> DNA 

<2I3> Artificial Sequence 

<400> 558 
tttttggggg gggggttttt 

<210> 559 
<211> 19 

<212> DNA 

<213> Artificial Sequence 

<400> 559 
gggggggggg ggggggggt 

<210> 560 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 560 
aaaaaaaaaa aaaaaaaaaa 

<210> 561 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 561 
cccocaaaaa aaaaaccccc 

<210> 562 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 562 
aaaaaccccc cccccaaaaa 

<210> 563 
<21l> 27 
<212> DNA 

<213> Artificial Sequence 

<400> 563 
tttgaattca ggactggtga ggttgag 

<210> 564 
<211> 27 
<2a2> DNA 

<213> Artificial Sequence 

<400> 564 
tttgaatcct cagcggtctc cagtggc 

<210> 565 
<211> 45 
<212> miA 

<213> Airtlficial Sequence 
<4 00> 565 

aattctctat cggggcttct gtgtctgttg ctggttccgc tttat. 

<210> 566 
<211> 45 
<21Z> DNA 

<213> Artificial Sequence 
<400> 566 

ctagataaag cggaaccagc aacagacaca gaagccccga tagag 

<210> 567 
<211> 28 
<212> DNA 

<2I3> Artificial Sequence 

<400> 567 
ttttctagag aggtgcacaa tgctctgg 

<210> 568 
<211> 29 
<212> DNA 

<213> Artificial Sequence 

<400> 568 
tttgaattcc gtgtacagaa gcgagaago 

<210> 569 
<211> 31 
<212> DMA 

<213> Artificial Sequence 

<400> 569 
tttgcggccg ctagacttaa cctgagagat a 

<210> 570 
<211> 29 
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<212> T)m 

<213> Artificial Sequence 
<400> 570 

tttgggcc^ca cgdgagacag agacacttc 29 

<210> 571 
<2I1> 29 
<2L2> DNA 

<213> Artificial Sequence 
<40D> 571 

tttgggcccg cttctcgctt ctgtacacg 29 

<210> 572 
<2L1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 572 

gagaacgctg gaccttccat 20 

<210> 573 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<40D> 573 

tccatgtcgg tcctgatgct 20 

<210> 574 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 574 

ctgtcg 6 

<2a0> 575 
<211> 6 
<212> DKA 

<213> Artificial Sequence 
<400> 575 

tcgtga 6 

<210> 576 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 576 

cgtcga 6 

<210> 577 
<211> 6 
<212> DNA 

<213> Artificial ' Sequence 
<400> 577 

agtgct 6 
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<210> 573 
<211> 6 
<212> DNA 

<213> Artificial Sequence 



<400> 578 

ctgtcg 



<210> 579 
<2li> 6 
<212> Dm 

<213> Artificial Sequence 



<40O> 579 

agtgci: 



<210> 580 
<211> 6 
<212> 

<213> Artificial Sequence 



<40O> 580 

cgtcga 



<210> 5B1 
<211> 6 
<212> DKA 

<213> Tlrtificial Sequence 
<400> 5B1 

tcgtga 6 

<210> 552 
<211> 20 
<212> Dm 

<213> Artificial Sequence 
<400> 582 

gagaacgctc cagcttcgat 20 

<210> 583 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<40O> 583 

gctagacgta agcgtga 17 

<210> 584 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 584 

gagaacgctc ^gaccttccat 20 

<210> 585 
<211> 21 
<212> Dm 

<213> Artificial Sequence 
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gagaacgctg gacctatcca t 



21 



<210> 586 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 586 

gctagaggtt agcgtga 17 

<210> 587 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 587 

gagaacgctg gacttccat 19 

<210> 588 
<211> 17 

<212> DNA 

<213> Artificial Sequence 
<400> 588 

tcacgctaac gtctagc 17 

<2ia> 589 

<211> 17 
<212> DNA ' 

<213> Artificial Sequence 
<220> 

<221> tnisc^feature 
<222> (1) . (3) 

<223> Biotin moiety attached at 5* end of sequence. 



<210> 590 

<211> 20 ^ 
<212> DNA 

<213> Artificial Sequence 
<400> 590 

atggaaggtc gagcgttctc 20 

<210> 591 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 591 

gagaacgctg gaccttcgat 20 

<210> 592 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 589 
gctagacgtt agcgtga 



17 
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<flOO> 592 

gagaacgatg gaccttccat 20 

<210> 593 

<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 593 

gagaacgctg gatccat 17 

<210> 594 
<211> 20 
<212> DNA 

<2X3> Artificial Sequence 
<400> 594 

gagaacgctc cagcactgat 20 

<2I0> 595 
<2L1> 20 

<212> DMA 

<213> Artificial Seq^Jence 
<400> 595 

tccatgtcgg tcctgctgat 20 

<210> 596 
<2L1> 20 ' 
<212> DKA 

<213> Artificial Sequence 
<400> 596 

atgtcetcgg teetgatgct 20 

<210> 597 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 597 

gagaacgctc caccttccat * 20 

<210> 598 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 598 

gagaacgctg gaccttcgta 20 

<210> S99 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<221> misc^feature 
<222> (1) • . . C3) 

<223> Blot in moiety attached at 5* end of sequence. 
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<40O> 599 

atggaaggtc cagcgttctc 20 

<210> 600 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 600 

tcctga 6 

<210> 601 
<211> B 
<212> DNA 

<213> Artificial Sequence 
<400> 601 

tcaacgtt 8 

<210> 602 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 602 

aacgtt 6 

<210> 603 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 603 

aacgttga 8 

<2L0> 504 
<2L1> 17 
<2L2> DNA 

<213> Artificial Sequence 

<40D> 604 

tcacgctaac ctctagc 17 

<:210> 605 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 605 

gagaacgctg gaccttgcat 20 

<210> 606 
<211> 14 
<2L2> DNA 

<213> Artificial Sequence 
<4O0> 606 

gctggacctt ccat 14 
<210> 607 
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<211> 22 
<212> DNA 

<213> Artificial Sequence 
<4D0> 6D7 

gagaaogctg gacctcatcc at 22 

<210> 608 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<400> 608 

gagaacgctg gacgctcatc cat 23 

<210> 609 
<2X1> 15 
<2L2> DNA 

<213> Artificial Sequence 
<40D> 609 

aacgttgagg ggcat 15 

<210> 610^ 
<211> 15 
<2I2> DNA 

<213> Artificial Saquancs 
<400> 610 

atgcccctca acgtt 15 

' <210> 611 
<211> 10 
<2I2> DNA 

<213> Artificial Sequence 
<400> 611 

tcaacgttga 10 

<210> 612 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 612 

gctggacctt ccat , 14 

<210> 613 
<211> 7 
<212> DNA 

<213> Artificial Sequence 
<400> 613 

oaacgtt 7 

<210> 614 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 614 



2/14/05, EAST Version: 2.0.1.4 



wo 01/22972 



PCT/USOO/26383 



87 

acaacgttga 10 

<210> 615 
<2il> 6 
<212> DNA 

<213> Artificial Sequence. 
<400> 615 

tcacgt 

<210> 616 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<400> 616 
tcaagctt 

<210> 617 
<2ai> 6 
<212> D1J3A 

<213> Artificial Sequence 
<400> 617 

tcgtca 

<210> 618 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<400> 618 
aggatatc 

<210> 6L9 
*<211> 8 
<2L2> Dm 

<2L3> Artificial Sequence 

<400> 619 
tagacgtc 

<210> 620 
<211> 8 
<212> DFPA 

<213> Artificial Sequence 

<400> 620 
gacgtcat 

<210> 621 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<AQO> 621 
ccatcgat 

<210> 622 
<211> B 
<2I2> DNA 
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<213> Artificial Sequence 

<400> 622 
atcgatgt 

<210> 623 
<211> 8 
<212> DMA 

<213> Artificial Sequence 

<400> 623 
atgcatgt 

<210> 624 
<2ll> 8 
<212> DMA 

<213> Artificial Sequence 

<40O> 624 
ccatgcat 

<210> 625 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<400> 625 
agcgctga 

<210> 626- 
<211> 9 
<212> DNA 

<213> Artificial Sequence 

<400> 626 
tcagcgct 

<210> 627 
<211> B 
<212> DMA 

<213> Artificial Sequence 

<400> 627 
ccttcgat 

<210> 628 

<2ia> 18 

<212> DNA 

<213> Artificial Sequence 

<400> 628 
gtgccggggt ctccgggc 

<210> 629 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<400> 629 
gctgtggggc ggctcctg 
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<210> 630 
<211> B 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> iniBc^feature 
<222> {I) .7. {3) 

<223> Biotin moiety attached at 5' end of sequence. 



<400> 650 
tcaacgtt 



<210> 631 
<211> B 
<212> DNA 

<213> Artificiai Sequence 
<220>^ 

<221> misc_feature 
<222> (1) . . . (3) 

<223> FITC moiety attached at 5' end of sequence. 



<400> 631 
tcaacgtt 



<210> 632 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> odec feature 
<222> (1) .7. (3) 

<223> FITC moiety attached at 5' end of sequence. 



<400> €32 
aacgttga 



<210> 633 
<2II> 7 
<212> DNA 

<213> Artificial Seqxience 



<400> €33 
tcaacgt 



<210> 634 
<2ll> 7 
<212> DNA 

<213> Artificial Sequence 



<400> 634 
aacgttg 



<210> 635 
<211> 6 
<21Z> DNA 

<213> Artificial Sequence 
<400> 635 
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6 



<210> 636 
<211> 8 
<212> DNA 

<213> 'Artificial Sequence 
<40D> 636 

tcaacgtt 8 

<210> 637 
<2I1> 5 
<212> DNA 

<2I3> Artificial Sequence 
<400> 637 

tcgga 5 

<2ia> 638 
<Z11> B 
<212> DNA 

<213> Artificial Sequence 
<40a> 638 

agaacgtt 8 

<210> 639 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<:400> 639 

toatcgat' 8 

<210> 64Q 
<211> B 
<212> DNA 

<213> Artificial Sequence 



<210> 641 
<21I> 8 
<212> DHA 

<213> Artificial Sequence 
<400> 641 

ccadcgtt 8 

<210> 642 
<211> 6 
<212> DNA 

<213> Artificial Sequence 



<40O> 



640 



taaacgtt 



8 



<400> 



6^2 



gctcga 



<210> 
<211> 
<212> 



643 
6 
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<2L3> Artificial Sequence 



<400> 643 

cgacgt 



<21D> 644 
<2L1> 6 
<212> DNA 

<2I3> Artificial Sequence 



<400> 644 

cgtcgt 



<2LD> 645 
<211> 6 
<2L2> DNA 

<213> Artificial Sequence 



<400> 645 

acgkgt 



<210> 646 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<40O> 646 

cgttcg 6 

<210> 647 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 647 

gagcaagctg gaccttccat 20 

<210> 648 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 64a 

cgcgta 6 

<210> 649 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<400> 649 

cgtacg 6 

<210> 650 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 650 

tcaccggt 8 
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<210> 651 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 651 

caagagatgc taacaatgca 20 

<210> 652 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 652 

acccdtcaat agctctgtgc 20 

<210> 653 
<211> 8 
<212> DNA 

<213> Artificial Sequence 



<400> 653 
ccatcgat 



<2I0> 654 
<211> 8 
<212> DNA 

<213> Artificial Sequence 



<400> 654 
tcgacgtc 



<210> 655 
<211> 8 
<212> DNA 

<213> Artificial Sequence 



<400> 655 
ctagcgct 



<210> 656 
<211> 8 
<212> DNA 

<:213> Artificial Sequence 
<400> 656 

taagcgct 8 

<210> 657 
<211> 13 
<2I2> DNA 

<213> Artificial Sequence 
<400> 657 

tcgcgaattc gcg 13 



<210> 658 
<2il> 19 
<212> DNA 

<213> Artificial Sequence 
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<400> 658 
atggaaggtc cagcgttct 

<210> 659 
<211> 17 
<212> DMA 

<213> Artificial Sequence 

<400> 659 
actggacgtt agegtga 

<210> 660 
<2ll> 18 
<2a2> DNA 

<213> Artiticial Sequence 

<400> 660 
cgcctggggc tggtctgg 

<210> 661 
<211> 18 
<2a2> DNA 

<2I3> Artificial Sequence 

<400> 66L 
gtgtcggggt ctccgggc 

<210> 662 
<2il> 18 
<2L2> DNA 

<2L3> Artificial Sequence 

<400> 662 
gtgccggggt ctccgggc 

<2I0> 663 
<2L1> IB 
<212> DHA 

<2I3> Artificial Sequence 

<400> 663 
cgccgtcgcg gcggttgg 

<2L0> 664 
<2ll> 21 
<212> DHA 

<213> Artificial Sequence 

<400> 664- 
gaagttcacg ttgaggggca t 

<210> 665 
<211> 21 
<212> DNA 

<2L3> Artificial Sequence 

<400> 665 
atctggtgag ggcaagctat g 

<210> 666 
<211>' 21 



PCT/US00a6383 



19 



17 



IB 



18 



18 



18 



21 
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<212> DNA 

<2I3> Artificial Sequence 
<400> 666 

gttgaaaccc gagaacatca t 21 

<210> 667 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 667 

gcaacgtt 6 

<210> 668 
<211> 8 
<212> DWA 

<213> Artificial Sequence 
<40Q> 668 

gtaacgtt 8 

<210> 669 
<211> B 
<212> DNA 

<213> Artificial Sequence 
<400> 669 

cgaacgtt 8 

<210> 670 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 670 

gaaacgtt 8 

<210> 671 
<2I1> B 
<212>.DNA 

<213> Artificial Sequence 
<400> 671 

caaacgtt 8 

<210> 672 
<211> B 
<212> DNA 

<213> Artificial Sequence 
. <400> 672 

ctaacgtt 8 

<210> 673 
<211> 8 

<2i2> mh 

<213> Artificial Sequence 



<400> 673 
ggaacgtt 
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<210> 674 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<400> 674 
tgaacgtt 

<210> 675 
<211> B 
<212> DNA 

<23.3> Artificial Sequence 

<400> 675 
acaacgtt 

<210> 676 
<211> 8 
<212> DKA 

<213> Artificial Sequence 

<400> 676 
ttaacgtt 

<210> 677 
<211> 8 
<212> DKA 

<213> Artificial Sequence 

<400> 677 
aaaacgtt 

<210> 678 
<211> 8 
<212> DNA 

<213> Artificial Sequence 

<400> 679 
ataacgtt 

<210> 679 
<2I1> 8 
<212> DNA 

<2I3> Artificial Sequence 

<400> 679 
aacgttct 

<2i0> 680 
<211> 8 
<212> DNA 

<213> T^tificial Sequence 

<400> 680 
tccgatcg 

<210> 681 
<211> B 
<212> DNA 

<213> Artificial Sequence 
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<400> 681 

tccgtacg 8 

<210> 6B2 

<2L1> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 682 

gctagacgct agcgtga 17 

<210> 683 
<211> 25 
<2I2> Dm 

<213> Artificial Sequence 
<400> 683 

gagaacgctg gacctcatca tccat 25 

<210> 684' 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 684 

gagaacgcta gaccttctat 20 

<2aO> 685 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 6B5 

actagacgtt agtgtga 17 

<210> 6B6 
<211> 22 
<212> DNA 

c213> Artificial Sequence 
<400> 686 

cacaccttgg tcaatgtcac gt ' 22 

<210> 687 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 687 

tctccatcct atggttttat eg 22 

<210> 688 

<211> 15 
<212> DNA 

<213> Artificial Sequence 
<4D0> 688 

cgctggacct tccat 15 
<210> 689 
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<211> 23 
<212> DNA 

<213> Artificial Sequence 
<400> 689 

caccaccttg gtcaatgtca cgt 23 

<2L0> 690 
<2L1> 17 
<212> DWi 

<2I3> Artificial Sequence 
<400> 690 

gctagacgtt agctgga 17 

<210> 691 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 691 

agtgcgattg cagatcg 17 

<2L0> 692 
<211> 24 
<2L2> DNA 

<2I3> Artificial Sequence 
<400> 692 

ttttcgtttt gtggttttgt ggtt 24 

<2L0> 693 
<2I1> 23 
<212> DNA 

<2I3> Artificial Sequence 

<400> 693 

ttttcgtttg tcgttttgtc gtt 23 

<210> 694 
<211> 24- 
<21,2> DNA 

<213> Artificial Sequence 
<400> 694 

tttttgtttt gtggttttgt ggtt 24 

<210> 695 
<211> 20 
<212> DNA 

<2L3> Artificial Sequence 
<400> 695 

accgcatgga ttctaggcca 20 

<2I0> 696 
<2L1> 15 
<2I2> DNA 

<2I3> Artificial Sequence 
<400> 696 
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gctagac^t agcgt 

<210> 697 
<2ll> 17 
<212> DMA 

<213> Artificial Sequence 

<400> 697 
aacgctggac cttccat 

<210> 69B 
<211> B 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modified_base 
<222> (5), •.(5) 
<223> m5c 

<400> 69B 
tcaangtt 

<210> 699 
<211> B 

<2i2> D^aA 

<213> Artificial Sequence ^ 

<400> 699 
ccttcgat 

<210> 700 
<21L> L7 
<212> DNA 

<213> Artificial Sequence 

<400> 700 
actagacgtt agtgtga 

<210> 701 
<211> 17 

<212> DNA 

<213> Artificial Sequence 

<400> 701 
gctagaggtt agogtga 

<210> 702 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 702 
atggactctc cagcgttctc 

<210> 703 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 703 
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atcgactctc gagcgttctc 

<210> 704 

<211> 13 

<212> DNA 

<213> Artificial Sequence 

<400> 704 
gctagacgtt age 

<210> 7D5 
<211> 9 
<212> DNA 

<213> Artificial Sequence 

<400> 705 
g&tagacgt 

<210> 706 
<211> 17 
<212> DHA 

<213> Artifioial Sequence 

<400> 706 
agtgcgattc gagatcg 

<210> 707 
<211> B 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> laodlfied base 
<222> {5) . . . IST 
<223> m5c« 

<400> 707 
tcagngct 

<210> 708 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<400> 708 
ctgattgctc tctcgtga 

<210> 709 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> raodified_baae 
<222> (2)*,. (2) 
<223> ra5c 

<400> 709 
tnaacgtt 

<210> 7X0 
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<211> 20 
<212> ONA 

<r213> Artificial Sequence 

<22a> 

<221> modified base 
<222> (6) . . . teT 
<223> mSc 

<40O> 710 
gagaangotg gaccttccat 

<210> 711 
<211> 17 
<2I2> DNA 

<2I3> Artificial Sequence 

<400> 711 
gctagacgtt aggctga 

<2L0> 712 
^ <211> 14 
<212> DNA 

<213> Artificial Sequence 

<400> 712 
gctacttagc gtga 

<210> 713 
<211> 15 
<2L2> DNA 

<213> Artificial Sequence 

<400> 713 
gctaccttag cgtga 

<210> 714 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<400> 714 
atcgacttcg agcgttctc 

<210> 715 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 715 
atgcactctg cagcgttctc 

<210> 716 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 716 
agtgactctc cagcgttctc 

<210> 717 
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<211> 17 
<212> DMA 

<213> Artificial Sequence 
<400> 717 

gccagatgtt agctgga 17 

<210> 718 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

<'300> 718 

atcgactcga gcgttctc 19 

<210> 719 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 719 

atcgatcgag cgttctc 17 

<210> 720 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 
<222> (1) . . . (3) 

<223> Biotin moiety attached at 5* end of aequence^ 
<400> 720 

gagaacgctc gaccttcgat 20 

<210> 721 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 721 

gctagacgtt agctgga 17 

<210> 722 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 722 

atcgactctc gagcgttctc 20 

<210> 723 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 723 

tagacgttag cgtga 15 
<210> 724 
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<211> IB 
<212> DNA 

<213> Artificial Sequence 
<400> 724 

cgactctcga gcgttctc IB 

<210> 725 
<211> 21 
<212> DHA 

<213> Artificial Sequence 
<400> 725 

ggggtcgacc ttggaggggg g 21 

<210> 726 
<2U> 16 
<2I2> DNA 

<213> Artificial Sequence 
<400> 726 

gctaacgtta gcgtga 16 

<210> 727 
<2L1> 9 
<212> DNA 

<213> Artificial Sequence 
<400> 727 

cgtcgtcgt 5 

<210> 728 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<221> modifiedjaase 
<222> (14) . . . (14) 
<223> mSc . 

<400> 728 

gagaacgctg gacnttccat 20 



<210> 


729 


<211> 


20 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<221> 


modified base 


<222> 


{18)... (18) 


<223> 


mSc 


<400> 


729 



atcgacctac gtgcgttntc 20 

<210> 730 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<221> modified base 
<222> (3) . . . {3) 
<223> mSc 

<400> 730 

atngecctac gtgcgttctc 20 

<210> 731 

<211> 15 
<212> DMA 

<213> Artificial Sequence 
<220> 

<221> inodified_base 
<222> <7J , (7) 
<223> mSe 

<400> 731 

gctagangtt agcgt 15 

<21Q> 732 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22X> modified base 
<222> (X4)...(14) 

<223> inSc 

<400>* 732 

atcgactctc gagngttctc 20 

<210> 733 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 733 

ggggtaatgc atcagggggg 20 

<210> 734 
<211> 20 
<212>DNA 

<213> Artificial Sequence 
<400> 734 

ggctgtattc cfcgactgccc 20 

<210> 735 
<211> 17 
<212> Dh3A 

<213> Artificial Sequence 
<4D0> 735 

ccatgctaac ctctagc 17 

<2t0> 736 
<211> 17 
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<212> DNA 

<213> Artificial Sequence 
<400> 736 

gctagatgtt agcgtga 17 

<210> 737 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 737 

cgtaccttac ggtga 15 

<210> 73B 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 73B 

tccatgctgg tcctgatgct 20 

<210> 739 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 739 

atcgactctc tcgagcgttc tc 22 

<210>- 740 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 740 

gctagagctt agcgtga 17 

<210> 741 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 741 

atcgactctc gagtgttctc 20 

<210> 742 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 742 

aacgctcgac cttcgat 17 

<210> 743 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 743 

ctcaacgctg gaccttccat 20 
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<210> 744 
<211> 2D 
<212> DMA 
<213> Artificial 



Sequence 



<400> 744 

atcgacctac gtgcgttctc 20 

<Z10> 745 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 745 

gagaatgctg gaccttccat 20 



<210> 746 
<21L> 17 
<212> DNA 

<213> Artificial Sequence 
<400> 746 

tcacgctaac ctctgac 17 

<210> 747 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<221> inisc_feature 
<222> (1) . (3) 

<223> Biotin moiety attached at 5' end of sequence. 
<400> 747 

gagaacgctc cagcactgat 20 

<2I0> 748 / 
<211> 20 
<2I2> DNA 

<213> Artificial Sequence 

<220> 

<221> wise feature 
<222> (1) .7. (3) 

<223> Biotin moiety attached at 5' end of sequence » 



<400> 748 

gagcaagctg gaccttccat 20 

<210> 749 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 749 

cgctagaggt tagcgtga 16 

<210> 750 
<211> 15 
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<212> DNA 

<2I3> Artificial Sequence 
<400> 750 

gctagatgtt aacgt 15 

<210> 751 
<2I1> 19 
<2I2> DNA 

<213> Artificial Sequence 
<400> 751 

atggaaggtc cacgttctc 19 

<2t0> 752 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 752 

gctagatgtt agcgt 15 

<210> 753 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 753 

gctagacgtt agtgt 15 

<210> 754 
<21i> 20 
<212> DNA 

<21d> Artificial Sequence 

<400> 754 

tccatgacgg tcctgatgct . 20 

<210> 755 
<211> 20 
<212> 0«A 

<213> Artificial Sequence 
<400> 755 

tccatggcgg tcctgatgct 20 

<210> 756 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<40Q> 756 

gctagacgat agcgt . 15 

<210> 757 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 757 

gctagtcgat agcgt 15 
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<210> 758 
<2L1> 20 
<212> DNA 

<213> TUrtificial Sequence 
<40O> 758 

tccatgaogt tcctgatgct 20 

<210;> 759 
<211> 20 
<212> DNA 

<213> Artlficiaa Sequence 
<400> 759 

tccatgtcgt tcctgatgct 20 



<220> 

<221> modified_baBe 
<222> (13) . . . (13) 
<223> mSc 

<4 00> 760 

gctagacgtt agngt 15 

<210> 761 
<211> 15 
<2i2> DWA 

<213> Attif icial Sequence 

<400> 761 

gctaggcgtt agcgt 15 

<210> 7 62 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<22l> modified base 
<222> (8) . . . {bT 
<223> mSc 

<400> 762 

tccatgtngg tcctgatgct 20 

<2L0> 763 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modified^toaae 
<222> (12) . . . (12) 
<223> mSc 
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<400> 763 
tccatgtogg tnctgatgct 



20 



<210> 764 
<211> 20 
<212> DNA 

<213> Artificial Seq^)ence 
<220> 

<221> modified^base 
<222> (3).,,{3> 
<223> mSc 

<221> modified base 
<222> (10) . . , (10) 
<223> m5c 

<221> modif ied^base 
<222> (14) . . . 114) 
<223> m5c 

<400> 764 

atngactctn gagngttctc 20 

<210> 765 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<:210> 766 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 766 

gcatgacgtt gagct IS 

<210> 767 
<211> 20 
<212> DNA - 

<213> Artificial Sequence 



<210> 768 
<21L> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 768 
ggggtcaagt ctgagggggg 

<210> 769 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 765 
atggaaggtc cagtgttctc 



20 



<400> 767 
ggggtcaacg ttgagggggg 



20 
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<400> 769 
cgcgcgcgcg cgcgcgcgcg 



20 



<210> 770 
<211> 28 
<212> DNA 



<213> Artificial Sequence 



<400> 770 
cccccccccc cccccccccc cccccccc 



28 



<210> 771 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<400> 771 

cccccccccc cccccccccc cccccccccc ccccc 33 

<210> 772 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 773 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 773 

gctaaacgtt agcgt 15 

<210> 774 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 775 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 775 

tccatgccgg tcctgatgct ^ 20 

<210> 776 
<21L> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 776 

aaaatcaacg ttgaaaaaaa 20 



<400> 772 
tccatgtcgc tcctgatcct 



20 



<400> 774 
tccatgtcga tcctgatgct 



20 



<210> 777 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<400> 777 

tccataacgt tcctgatgc^t 20 

<210> 778 
<21l> 23 
<212> DNA 

<213> Artificial Sequence 
<400> 778 

tggaggtccc accgagatcg gag 23 

<210> 779 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 779 

cgtcgtcgtc gtcgtcgtcg t 21 

<210> 780 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 780 

ctgctgctgc tgctgctgct g 21 

<210> 781 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 781 

gagaacgctc cgaccttcga t 21 

<210> 782 
<211> 15 
<212> om 

<213> Artificial Sequence 
<400> 7B2 

gctagatgtt agcgt IB 

<210> 783 
<211> 15 
<212> DNA 

<:213> Artificial Sequence 
<400> 783 

gcatgacgtt gagot 15 

<210> 784 
<211> 10 
<212> DNA 

<213> Artificial Sequence 

<220> 

<221> misc feature 
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111 

(8). ,.(10) 

FITC moiety attached at 3* end of sequence* 



<400> 
tcaatgctga 



784 



10 



<210> 78S 
<211> 10 
<212> DNA 

<213> Airtificial Sequence 
<220> 

<22L> inisc_feature 
<222> |8» (10) 

<223> PITC moiety attached at 3^ end of sequence. 
<400> 785 

tcaacgttga 10 

<210> 786 
<211> 10 
<212> DllA 

<213> Artificial Sequence 

<220> 

<221> misc_featare 
<222> (B) . . . (10) 

<223> Biotin moiety attached at 3' end of sequence. 
<400> 7B6 

tcaacgttga 10 

<210> 7B7 
<2ia> 10 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> inLsc_f eature 
<222> (8}, (10) 

<223> Biotin moiety attached at 3' end of sequence. 
<400> 787 

gcaatattgc 10 

<210> 788 
<211> 10 
<212> mA 

<213> Artificial Sequence 

<220> 

<221> misc_feature 
<222> (8).., (10) 

<223> FITC moiety attached at 3' end of sequence. 



<40D> 
gcaatattgc 



788 



<210> 
<2L1> 
<212> 



789 

10 

DNA 
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<2I3> Artificial Sequence 
<400> 789 

agttgcaact 10 

<210> 790 
<2L1> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 790 

tcttcgaa - 8 

<210> 791 
<211> 8 
<212> DNA 

<2I3> Artificial Sequence 
<400> 791 

tcaacgtc 8 

<210> 792 

<2tl> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 792 

ccatgtcggt cctgatgct 19 

<210> 793 

<2ai> 18 

<212> DNA 

<213> Artificial Sequence 
<400> 793 

gtttttatat aatttggg 18 

<210> 794 
<211> 23 
<212> ONA 

<213> Artificial Sequence 
<400> 794 

tttttgtttg tegttttgtc gtt 23 

<210> 795 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 795 

ttgggggggg tt 12 

<210> 796 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<400> 796 

ggggttgggg gtt 13 
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<210> 797 
<211> L7 
<212> DNA 

<213> Artificial Sequence 

<400> 797 
ggtggtgtag gttttgg 

<2L0> 798 
<2n> 20 
<212> DMA 

<213> Artificial Sequence 
<220> 

<221> raiac_f eature 
<222> (1) . (3) 

<223> Biotin moiety attached at 5^ 

<221> modified_base 
<222> (6) ... {6) 
<223> ni5c 

<400> 7 9B 
gagaangctc gaoottcgat 

<210> ^99 
<211> 20 
<212> DMA 

<213> Artificial Sequence 

<4D0> 7 99 
tcaacgttaa cgttaacgtt 

<210> 800 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<221> raisc__feature 
<222> (L) . . . (3> 

<223> Biotin moiety attached at 5' 

<221> modified_base 
<222> (8) . . . {B} 
<223> mSc 

<400> 800 
gagcaagntg gaccttccat 

<210> 801 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc feature 
<222> (1) .7. (3) 

<223> Biotin moiety attached at 5' 
<22l> modified base 
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17 



end of sequence. 



20 



20 



end of sequence. 



20 



end of sequence* 
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<222> (6)».,(6) 
<223> m5c 

<400> 801 

gagaangctc cagcactgat 20 

<210> 902 
<211> 10 
<212> DMA 

<213> Artificial Sequence 



<220> 

<221> modif ied^basB 
<222> (5) . . . (5) 
<223> mSc 



<221> miec feature 
<222> (8) .7. (10) 

<223> Biotin moiety attached at 3' end of sequence. 
<400> 802 

tcaangttga 10 



<2L0> B03 
<2L1> 10 
<212> DMA 

<2I3> Artificial Sequence 

<220> 

<22l> iaodified_baee 
<222> (2) (2) 
<223> mSc 



<221> raisc_feature 
<222> (8) . , . (10) 

<223> Biotin moiety attached at 3' end oi sequence • 
<400> 803 

gnaatattgc 10 ' 

<21D> 804 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<400> 804 

tgctgctttt gtcgttttgt gctt 24 

<210> 805 
<21I> 22 
<212> DNA 

<213> Artificial Sequence 

<400> 805 

otgcgttagc aatttaactg tg 22 

<210> 806 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 806 
tccatgacgt tcctgatgct 



20 . 



<210> 807 
<21L> 28 

<2i2> om 

<213> Artificial Sequence 
<'!00> 907 

tgcatgccgt gcatccgtac acagctct 28 

<210> 808 
<211> 20 
<212> DKA 

<2X3> Artificial Sequence 
<4aO> BOB 

tgcatgccgt acaoagotct ^ 20 

<210> 809 
<211> 12 
<Z12> DNA 

<213> Artificial Sequence 
<400> 809 

tgcatcagct ct 12 

<Z10> 810 
<211> 6 
<212> DMA 

<213> Artificial Sequence 
<40O> 8L0 

tgcgctct B 

<210> Bll 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<4D0> 811 

cccccccccc cccccccccc 20 

<210> 812 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



<210> 813 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 813 

cccccccc 8 



<400> 812 



cccccccccc cc 



12 



<210> 
<211> 



814 

12 
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<212> DNA 

<213> Artificial Sequence 
<400> 814 

tgcatcagct ot 12 

<210> 8LS 
<21I> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 815 

tgcatgccgt acacagctct 20 

<210> B16 
<Z11> 20 
<212> DNA 

<213> Artificial Sequence 
<400> B16 

gagcaagctg gaccttccat 20 

<210> 817 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<400> 817 

tcaacgttaa cgttaacgtt aacgttaacg tt " 32 

<2I0> 818 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 818 

gagaacgctc gaccttcgat 20 

<210> 819 
<211> 25 
<212> ONA 

<213> Artificial Sequence 
<400> 819 

gtccccattt cccagaggag gaaat 25 

<210> 820 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<400> 820 

ctagcggctg acgtcatcaa gctag 25 

<210> B21 
<211> 25 
<212> DNA 

<213> Artificial Sequence 

<400> 821 

ctagcttgat gacgtcagcc gctag 25 
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<210> 822 
<211> 16 
<2I2> DNA 

<213> Artificial Sequence 

<400> 822 

cggctga cqt cat ca a 16 

<210> 823 

<211> 8 
<212> DNA 

• <213> Artificial Sequence 
<400> 923 

ctgacgtg 8 

<210> 824 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 824 

ctgacgtcat 10 

<210> 825 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 825 

attcgatcgg ggcggggcga g 21 

<210> 826 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 826 

ctcgccccgc cccgatcgaa t 21 

<210> 827 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> B27 

gactgacgtc agcgt 15 

<210> B2B 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<400> 828 

ctagcggctg acgtcataaa gctagc 26 

<210> 829 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<400> 829 
ctagctttat gacgtcagcc gctagc 



26 



<210> 830 
<2I1> 26 
<212> D»A 

<213> Artificial Sequence 
<400> 830 

ctagcggctg agctcataaa gctagc 26 

<210> 831 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<400> 831 

ctagtggctg acgtcatcaa gctag 25 

<210> 832 
<2U> 20 
<212> DKA 

<213> Artificial Sequence 



<210> 833 
<211> 24 
<212> DKA 

<213> Artificial Sequence 
<400> 833 

gggaatgaaa gattttatta taag 24 

<210> 834 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<400> B34 

tctaaaaacc atctattctt aaccct 26 

<210> 835 
<211> 15 
<212> DNA 

<213> Artificial Sequence 



<210> 836 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 836 

ttaacggtgg tagcggtatt ggtc 24 
<210> 837 



<400> 832 
tccaccacgt ggtctatgct 



20 



<400> 835 
agctcaacgt catgc 



15 
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<211> 24 
<2I2> DNA 

<2a3> Artificial Sequence 

<400> 837 
ttaagaccaa taccgctacc accg 

<210> 838 
<211> 25 
<212> DNA 

<213> Artificial Sequence 

<400> 838 
gatctagtga tgagtcagcc ggatc 

<210> 839 
<211> 25 
<212> DNA 

<213> Artificial Sequence 

<400> 839 
gatccggctg actcatcact agate 

<210> 840 
<2U> 20 
<2I2> DNA 

<213> Artificial Sequence 

<400> 840 
tccaagacgt tcctgatgct 

<210> 841 

<211> 20 
<212> DNA 

<213> Artificial Sequence 

<4DD> 841 
tccatgacgt ccctgatgct 

<210> 842 
<2il> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 842 
tccaccacgt ggctgatgct 

<210> 843 
<211> 17 
<2a2> DNA 

<213> Artificial Sequence 

<400> 843 
ccacgtggac ctctagc 

<210> 844 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<4Q0> 844 
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25 



25 



20 



20 



20 
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tcagaccacg tggtcgggtg ttcctga 



27 



<210> 845 
<2U> 27 
<212> DNA 

<213> Artificial Sequence 
<400> 84S 

tcaggaacac ccgaccacgt ggtctga 27 

<210> 806 
<2L1> 18 
<212> DNA 

<213> Artificial Sequence 
<400> 846 

catttccacg atttccca ^ 18 

<210> 847 
<211> IB 
<212> DNA 

<213> Artificial Sequence 
<400> 847 

ttcctctctg caagagact 19 

<210> 848 
<211> 19 
<212> DNA 

<213> Artificial Sequence 



<210> 849 
<211> 25 
<212> DNA 

<2i3> Artificial Sequence 
<4O0> 849 

ataaagcgaa actagcagca gtttc 25 

<2iO> 850 
<211> 25 
<212> DNA 

<213> Artificial Sequence 



<210> 851 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 851 

tgcccaaaga ggaaaatttg tttcatacag 30 



<400> 848 
tgtatctctc tgaaggacfc 



19 



<4O0> 850 
gaaactgctg ctagtttcgc tttat 



25 



<210> B52 
<211> 30 
<:212> DNA 
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<213> Artificial Sequence 

<400> 852 
ctgtatgaaa caaattttce tctttgggca 

<210> 853 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

<400> 853 
ttagggttag ggttagggtt 

<210> 854 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 854 
tccatgagct tcctgatgct 

<210> 855 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 855 
aaaacatgac gttcaaaaaa 

<210> 856 
<2L1> 20 
<2L2> DNA 

<213> Artificial Sequence 

<4D0> 856 
aaaacatgac gttcgggggg 

<210> 857 
<2L1> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 857 
ggggcatgag cttcgggggg 

<210> 858 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<400> 858 
ctaggctgac gtcatcaagc tagt 

<210> B59 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<400> 859 
tctgacgtca tctgacgttg gctgacgtct 
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30 



20 



20 



20 



20 



20 



24 
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<210> 860 
<211> 25 
<212> DNA 
- <213> Artificial Sequence 

<400> B60 

ggaattagta atagatatag aagtt 25 

<210> BSl 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 861 

tttacctttt ataaacataa ctaaaacaaa 30 

<210> 862 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 862 

gegttttttt ttgcg 15 

<210> 863 
<211> 24 
<212> DMA 

<2I3> Artificial Sequence 
<400> 863 

atatctaatc aaaacattaa caaa 24 

<2I0> 864 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 864 

tctatcccag gtggttcctg ttag 24 

<210> 865 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc feature 
<222> (1) .7, (3) 

<223> Biotin moiety attached at 5* end of sequence. 

<400> 865 

tccatgacgt tcctgatgot 20 

<210> 866 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 
<222> (1) • • . (3) 
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<223> Biotin moiety attached 



at 5' end of sequence. 



<400> 866 
tccatgagct tcctgatgct 



20 



<210> B67 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> iaisc_feature 
<222> {11) . - ^ (13) 

<223> FITC moiety attached at 3' end of sequence. 

<221> mifiC:_feature 
<222> (0). (0) 

<223> Has phosphodi ester backbone, 
<400> 867 

tttttttttt ttt 13 

<210> B68 
<211> 13 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> rftisc_feature 
<222> (11) ... {13) 

<223> Biotin moiety attached at 3' end of sequence. 

<221> misc^feature 
<222> tO)..,(0) 

<223> Has phosphorothioate and phosphodiester chimeric 
backbone with phosphodiester on 3' end. 

<400> 868 

tttttttttt ttt 13 

<2ia> 869 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<400> 869 

ctagcttgat gagctcagcc gctag 25 

<210> 870 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<400> 870 

ttcagttgtc ttgctgctta gctaa 25 

<210> 871 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
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<400> 871 

tccatgagct tcctgagtct 20 

<210> 872 
<211> 25 
<212> DMA 

<213> Artificial Sequence 
<400> 872 

ctagcggetg acgtcatcaa tctag 25 

<210> 873 
<211> 20 
<212> Dm 

<213> Artificial Sequence 
<.'300> 873 

tgctagctgt gcctgtacct 20 

<210> 874 
<211> 23 . • 
<212> DNA 

<213> Artificial Sequence 
<400> 874 

atgctaaagg acgtcacatt gca 23 

<210> 875 
<211> 23 
<2I2> DNA 

<213> T^tificial Sequence 
<400> 875 

tgcaatgtga cgtoctttag cat 23 

<210> 876 
<211> 31 
<:212> DblA 

<213> Artificial Sequence 
<400> 876 

gtaggggact ttccgagctc gagatcctat g 31 

<210> S77 
<211> 31 
<212> DNA 

<213> Artificial Sequence 

<400> 877 

cataggatct cgagctcgga aagtcc'ccta c 31 

<210> 878 
<211> 22 
<212> DNA 

<2L3> Artificial Sequence 
<400> .878 

ctgtcaggaa ctgcaggtaa gg 22 

<210> 879 
<211> 27 
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<212> DNA 

<213> Artificial Sequence 
<400> 879 

cataacatag gaatatttac tcctcgc 27 

<210> BBO 
<2L1> 21 
<212> DNA 

<2I3> Artificial Sequence 
<400> B90 

ctccagctcc aagaaaggac g 21 

<210> 881 
<2n> 21 
<2I2> DNA 

<213> Artificial Sequence 
<400> 881 

gaagtttctg gtaagtcttc g 21 

<2L0> 882 
'<2L1> 24 
<212> DNA 

<2L3> Artificial Sequence 
<40D> 882 

tgctgctttt gtgcttttgt gctt 24 

<210> 883 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<400> 883 

tcgtcgtttt gtggttttgt ggtt 24 

<210> 884 
<211> 23 ^ 
<212> DKA 

<213> Artificial Sequence 
<400> 884 

tcgtcgtttg tcgttttgtc gtt 23 

<210> 885 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 885 

tcctgacgtt cqgcgcgogc cc 22 

<2:0> 836 
<21I> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 886 

tgctgctttt gtgcttttgt gctt 24 
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<210> 887 
<211> 20 
<212> DHA 

<213> Artificial Sequence 
<400> 887 

tccatgagct tcctgagctt 20 

<210> 888 
<2I1> 24 
<2i2> DNA 

<213> Artificial Sequence 
<400> 888 

tcgtcgtttc gtcgttttga cgtt 24 

<210> 889 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<400> 889 

tcgtcgtttg cgtgcgtttc gtcgtt 26 

<210> 890 
<211> 27 
<212> DKA 

<213> Artificial Sequence 
<400> 890 

tcgcgtgcgt tttgtcgttt tgacgtt 27 

<2ia> 891 
<211> 25 
<212> DKA 

<213> Artificial Sequence 
<4G0> 891 

ttcgtcgttt tgtcgttttg tcgtt 25 

<210> 892 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 892 

tcctgacggg gaagt 15 

<210> 893 
<211> 15 
<212> DHA 

<213> Artificial Sequence 
<400> 893 

tcctggcgtg gaagt 15 

<210> 894 
<211> 15 
<212> DNA 

<213> Artificial Sequence 



2/14/05, EAST Version: 2.0.1.4 



wo 01/22972 



FCTA7S00/26383 



127 

<400> 894 

tcctggcggt gaagt 15 

<210> 895 

<211> 15 
<212> DMA 

<213> Artificial Sequence 
<400> 895 

tcctggcgtt gaagt 15 

<210> 89S 
<211> 15 
<212> DNA 

<2I3> Artificial Sequence 
<400> 896 

tcctgacgtg gaagt 15 

<210> 897 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 897 

gcgaogttcg gcgcgcgccc 20 

<210> 898 

<2H> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 898 

gcgacgggcg gcgcgcgccc 20 

<210> 899 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 899 

gcggcgtgcg gcgcgcgccc 20 

<210> 900 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 900 

gcggcggtcg gcgcgcgccc 20 

<210> 901 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 901 

gcgacggtcg gcgcgcgccc 20 
<210> 902 
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<2ll> 20 
<212> DNA 

<213> Artificial Sequence 



<40O> 902 
gcggcgttcg gcgcgcgccc 



20 



<210> 903 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 903 

gcgacgtgcg gcgcgcgccc 20 

<210> 904 
<211> 15 
<212> DNA 

<213> Artificial Seqi^ence 



<210> 905 
<211> 20 
<2a2> DNA 

<213> Artificial Sequence 
<400> 90S 

tgtgggggtt ttggttttgg 20 

<210> 906 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 907 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 907 

tgtgtgtgtg tgtgtgtgtg t 21 

<210> 908 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<210> 909 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 909 



<400> 904 
tcgtcgctgt ctccg 



15 



<400> 906 
aggggagggg aggggagggg 



<400> 908 
ctctctctct ctctctctct ct 



22 
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ggggtcgacg tcgagggggg 20 

<210> 910 
<211> 22 
<212> DKA 

<213> Artificial Sequence 

<400> 910 
atatdtatat atatatatat at 

<210> 911 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<400> 911 
tttttttttt tttttttttt ttttttt 

<210> 912 
<:211> 21 
<212> DNA 

<213> Artificial Sequence 

<:400> 912 
tttttttttt tttttttttt t 

<210> 913 

. <211> 18 
<212> om 

<213> Artificial Sequence 

<400> 913 
tttttttttt tttttttt 

<210> 914 
<211> 15 
<212> DNA 

<213> Artificial Sequence 

<400> 914 
gctagsgggg agggt 

... <2.10> 915= 

<211> 15 
<212> DNA 

<213> Artificial Sequence 

<400> 915 
gctagatgtt agggg 

<210> 916 

<211> 15 

<212> DNA 

<213> Artificial Sequence 

<400> 916 
gcatgagggg gagct 

<210> 917 
<2ia> 20 
<212> DNA 
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27 



.21 



18 



15 



15 
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<213> Artificial Sequence 



<400> 9L7 
atggaaggtc cagggggctc 



20 



<210> 918 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 918 

atgg^ctctg gagggggctc 20 

<210> 919 
<211> 20 
<2I2> DMA 

<2X3> Artificial Sequence 
<400> 919 

atggaaggtc caaggggctc 20 

<:210> 920' 
<211> 20 
<2L2> DNA 

<213> Artificial Sequence 



<21D> 921 
<211> 20 
<2L2> DKA 

<2I3> Artificial Sequence 
<400> 921 

gagaaggggg gaccttccat 20 

<210> 922 
<21I> 20 
<212> DNA 

<213> Artificial Sequence 



<21D> 923 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 923 

tccatgtggg gcctgatgct 20 

<210> 924 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<40D> 920 
gagaaggggg gaccttggat 



20 



<400> 922 
gagaaggggc cagcactgat 



20 



<4 00> 924 
tccatgaggg gcctgatgct 



20 
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<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 925 
tccatgtggg gcctgctgat 

<210> 926 
<211> 20 
<212> DNA 

<213> Artificial Sequencs 

<4D0> 926 
atggactctc cggggttctc 

<2I0> 927 
<2tl> 20 
<2I2> DNA 

<2I3> Artificial Sequence 

<400> 927 
atggaaggtc cggggttctc 

<2I0> 928 
<2Ll> 20 
<212> DKA 

<2a3> Artificial Sequence 

<400> 928 
atggactctg gaggggtctc 

<2aO> 929 
<211> 20 
<212> DISIA 

<213> Artificial Sequence 

<400> 929 
atggaggctc Gat:ggggctc 

<210> 930 
<211> 20 
<212> PNA 

<213> Artificial Sequence 

<400> 930 
atggactctg gggggttctc 

<210> 931 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 931 
tccatgtggg tggggatgct 

<210> 932 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
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<400> 932 

tccatgcggg tggggatgct 20 

<210> 933 
<211> 20 
<212> ONA 

<213> Artificial Sequence 
<400> 933 

tocatggggg toctgatgct 2D 

<210> 934 
<21L> 20 . 
<212> DNA 

<213> Artificial Sequence 
<400> 934 

tccatggggt ccctgatgct 20 

<210> 935 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 935 

tccatggggt gcctgatgct 20 

<210> 936 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<400> 936 

tccatggggt tcctgatgct 20 

<210> 937 
<211> 20 
<212> DKA 

<2I3> Artificial Sequence 
<400> 937 

tccatcgggg gcctgatgct 20 

<210> 938 
<211> 14 
<212> DNA 

<213> Artificial Sequence' 
<400> 938 

gctagaggga gtgt 14 

<21D> 939 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<40D> 939 

tttttthttt tttttfctt' 18 

<210> 940 
<211> 21 
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<212> DMA 

<213> Artificial Sequence 
<220> 

<221> misc^difference 
<222> (2) , . . {2> 
<223> m is a or c 

<221> misc difference 
<222> (1B}T.. (18) 
<223> m is a or c 

<400> 940 

gmggtcaacg ttgagggmgg g 21 

<210> 941 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 941 

ggggagttcg ttgagggggg g 21 

<210> 942 
<211> 20 
c212> DNA 

<:213> Artificial Seqpience 
<400> 942 

tcgtcgtttc cccceccccc 20 

<210> 943 
<Z11> 25 
<212> DNA 

<213> Artificial Sequence 
<400> 943 

ttggggggtt tttttttttt ttttt 25 

<210> 944 
<211> 23 

<212> DNA 

<213> Artificial Sequence 
<400> 944 

tttaaatttt aaaatttaaa ata 23 

<210> 945 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<4D0> 945 

ttggtttttt tggttttttt ttgg 24 

<210> 94 6 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 946 
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tttccctttt ccccttttcc cctc 24 

<210> 947 
<211> 2L 
<212> Dm. 

<213> Artificial Sequence 
<220> 

<22i> xnisc_di£ference 
<222> {21) . . * (21} 
<223> 8 is g or c . 

<400> 947 

ggggtcatcg atgagggggg s 2L 

<210> 948 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 948 

tecatgacgt tcctgacgtt 20 

<2I0> 949 
<2ll> 20 
<2I2> DNA 

<213> Artificial Sequence 
<400> 949 

tecatgacgt tcctgacgtt 20 

<2I0> 950 
<2ll> 20 
<2L2> DNA 

<2I3> Artificial Sequence 

<400>. 950 

tecatgacgt tcctgacgtt 20 

<21D> 951 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<400> 951 

tecatgacgt tcctgacgtt 20 

<2L0> 952 
<2L1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 952 

tecatgacgt tcctgacgtt 20 

<210> 953 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 953 
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tccatgacgt tcctgacgtt 20 

<210> 954 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 954 

tccatgacgt tcctgacgtt 20 

<210> 955 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 955 

tccatgacgt tcctgacgtt 20 

<210> 956 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 956 

tccatgacgt tcctgacgtt 20 

<210> 957 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 937 

tccatgacgt tcctgacgtt 20 

<210> 958 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<AOD> 958 

tccatgacgt tcctgacgtt 20 

<2I0> 959 • 

<211> 19 ' ' 

<212> DNA 

<213> Artificial Sequence 
<400> 959 

gggggacgat cgtcggggg 19 

<210> 960 
<211> 20 
<2I2> DNA 

<213> Artificial Sequence 
<400> 960 

gggggtcgta cgacgggggg 20 

<210> 961 
<2L1> 24 
<212> DNA 
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<213> Artificial Sequence 

<400.> 961 

tttttttttt tttttttttt tttt 24 

<210> 962 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 962 

aaaaaaaaaa aaaaaaaaaa aaaa 24 

■ <210> 963 
<2il> 24 
<212> DMA 

<213> Artificial Sequence 
<40a> 963 

cccccccccc cccccccccc cccc 24 

<21D> 964 

<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 964 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 965 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 965 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 966 
<211> 2-3 
<212> DNA 

<213> Artificial Sequence 

<400> 956 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 967 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<400> 967 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 968 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 968 

ggggtcaacg ttgagggggg 20 
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<210> 963 
<211> 2D 
<212> D«A 

<213> Artificial Sequence 
<400> 969 

ggggtcaacg ttgagggggg 20 

<210> 970 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 971 
<211> 20 

<212> om 

<213> Artificial Sequence 
<400> 971 

tgctgcttcc cccccccccc 20 

<210> 972 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 972 

ggggacgtcg acgtgggggg 20 

<210> 973 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<210> 974 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<400> 974 
qgggtcgacg tacgtcgagg gggg 

<210> 975 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

<400> 975 
ggggaccggt accggtgggg gg 

<210> 976 
<211> 19 
<212> Dm 

<213> Artificial Sequence 



<400> 970 
ggggtcaagc ttgagggggg 



20 



<400> 973 
ggggtcgtcg acgagggggg 



20 
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<400> 976 

gggtcgacgt cgagggggg 19 

<210> 977 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<400> 977 

ggggtcgacg tcgaggggg 1^ 

<210> 978 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 978 

ggggaacgtt aacgttgggg gg 22 

<21Q> 979 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 979 

ggggtcaccg gtgagggggg 20 

<210> 9B0 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<400> 980 

ggggtcgttc gaacgagggg gg 22 

<210> 98L 
<211> 22 
<;212> DNA 

<213> Artificial Sequence 
<400> 981 

ggggacgttc gaacgtgggg gg 22 

<210> 982 
<211> 10 
<2L2> DNA 

<213> Artificial Sequence 
<400> 982 

tcaaotttga 10 

<210> 983 
<211> 10 
<2L2> DNA 

<213> Artificial Sequence 
<400> 983 

tcaagcttga 10 

<210> 984 
<211> 12 
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<212> DNA 

<213> Artificial Sequenqe 



<400> 984 
tcacgatcgt ga 



12 



<210> 985 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 985 

tcagcatgct ga 12 

<210> 986 
<211> 20 
<212> DKA 

<213> Artificial Sequence 



<210> 987 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 987 

gggggggggg gggggggggg 20 

<210> 989 
<211> 22 
<212> DKA 

<213> Artificial Sequence 
<400> 988 

gggggacgat atcgtcgggg gg 22 

<210> 989 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<210> 990 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<4O0> 990 

gggggacgag ctcgtcgggg gg 22 

<210> 991 
<211> 20 ' 
<2I2> DNA 

<213> Artificial Sequence 
<400> 991 

gggggacgta cgtcgggggg 20 



<400> 986 
gggggagcat gctggggggg 



20 



<400> 989 
gggggacgac gtcgtcgggg gg 



22 
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<210> 992 
<211> 8 
<212> DNA 

<2L3> Artificial Sequence 
<400> 992 

tcaacgtt B 

<210> 993 
<211> 20 
<2I2> ONA 

<213> Artificial Sequence 
<400> 993 

tccataccgg tcctgatgct 20 

<210> 994 
<2L1> 20 
<212> DHA 

<2I3> Artificial Sequence 
<400> 994 

tccataccgg tcotaccggt 20 

<210> 995 
<211> 20 
<2i2> DNA 

<213> Artificial Sequence 
<400> 995 

gggggacgat cgttgggggg 20 

<210> 996 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<4Q0> 995 

ggggaacgat cgtcgggggg 20 

<210> 997 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 997 

ggggggacga tcgtcggggg g 21 

<210> 998 
<21L> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 998 

gggggacgat cgtcgggggg g 21 

<210> 999 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
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<^00> 99& 

aaagacgtta aa 12 



<210> 1000 

<211> 12 
<212> DMA 

<213> Artificial Sequence 
<400> 1000 

aaagagctta aa 12 

<210> 1001 
<211> 12 
<2I2> DHA 

<213> Artificial Sequence 
<220> 

<221> raociified_ba6e 
<222> (6)... (6) 
<223> to5c 



' <400> 1001 

aaagangtta aa ' - 12 

<210> 1002 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



<400> 1002 

aaat'tcggaa aa 12 

<210> 1003 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<400> 1003 

gggggtcatc gatgaggggg g 21 

<210> 1004 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 1004 

gggggtcaac gttgaggggg g 21 

<210> 1005 
<211> 20 
<212> DHA 

<213> Artificial Sequence 
<400> 1005 

atgtagctta ataacaaagc 20 

<210> 1006 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 1006 

ggatcccttg agttaqttct 20 

• <210> 1007 

<211> 20 
<212> DNA 

<2I3> Artificial Sequence 
<400> 1007 

ccattccact tctgattacc 20 

<2I0> lOOB 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1008 

tdtgtattat catgtagata 20 

<210> 1009 
<211> 20 
<212> OKA 

<ZL3> Artificial Sequence 
<400> 1009 

agcctacgta ttcaccctcc 20 

<210> 1010 

<2I1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1010 

ttcctgcaac tactattgta 20 

<210> 1011 
<2L1> 20 
<212> DKA 

<213> Artificial Sequence 
<400> 1011 

atagaaggcc ctacaccagt 20 

<210> 1012 
<2I1> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1012 

ttacaccggt ctatggaggt 20 

<210> 1013 
<2L1> 20 
<2I2> DNA 

<2I3> Artificial Sequence 
<400> 1013 

ctaaccagat caagtctagg 20 
<;210> 1014 
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<:211> 20 
<212> ONA 

<213> Artificial Sequence 
<40Q> 1014 

cctagacttg atctggtt&g 20 

<210> 1015 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1015 

tataagcctc gtccgacatg 20 

<210> 1016 
<2L1> 20 
<212> DNA 

<213> Artificial Sequence 



<40a> 1016 

catgtcggac gaggcttata 20 

<210> L017 
<2I1> 20 
<212> DHA 

<213> Artificial Sequence 
<400> 1017 

tggtggtggg gagtaagctc 20 

<210> lOia 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 1018 

gagctactcc cccaccacca 20 

<210> 1019 
<211> 20 
<2L2> DNA 

<213> Artificial Sequence 



<400> 1019 

gocttcgatc ttcgttggga 20 

<210> 1020 

<2il> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 1020 

tggaettctc tttgccgtct 20 

<210> 1021 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1021 
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atgctgtagc ccagcgataa 20 

<210> 1022 
<211> 20 
<212> DHA 

<213> Artificial Sequence 



<4aO> 1022 

accgaatcag oggaaagtga 20 

<210> 1023 
<211> 20 
<212> ONA 

<213> Artificial Sequence 
<400> 1023 

tccatgacgt tcctgacgtt 20 



<210> 1024 
<2ai> 24 

<2i2> om 

<213> Artificial Sequence 
<400> 1024 

ggagaaaccc atgagctcat ctgg 24 



<210> 1025 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 1025 

accacagacc agcaggcaga 20 

<210> 1026 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1026 

gagcgtgaac tgcgcgaaga 20 

<210> 1027 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 1027 

tcggtaccct tgcagcggtt 20 

<210> 1028 
<21L> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1028 

ctggagccct agccaaggat 20 

<210> 1029 
<211> 20 
<212> E5NA 
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<213> Artificial Sequence 

<400> 1029 
gcgactccat caccagogat 

<21D> 1030 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<400> L030 
cctgaagtaa gaaccagatg t 

<210> 1031 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<400> 1031 
ctgtgttatc tgacatacac c 

<210> 1032 

<2i:> 21 

<212> DNA 

<213> Artificial Sequence 

<400> 1032 
eattagcctt aggtgatUgg g 

<2L0> 1033 
<2L1> 21 
<212> DNA 

<2L3> Artificial Sequence 

<400> 1033 
acatctggtt cttacttcag g 

<210> 1034 
<2L1> 23 
<212> DNA 

<2L3> Artificial Sequence 

<400> 1034 
ataagtcata ttttgggaac tac 

<210> 1035 
<2L1> 21 
<2I2> DNA 

<2I3> Artificial Sequence 

<400> 1035 
cccaatcacc taaggotaat t 

<210> 1036 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<4O0> 1036 
ggggtcgtcg acgagggggg 
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20 



21 



21 



21 



21 



23 



21 
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<2L0> 1037 
<2L1> 22 
<2i2> DMA 

<213> Artificial Sequence 

<:4D0> 1037 
ggggtcgttc gaacgagggg gg 

<210> 1038 
<2I1> 22 
<212> DNA 

<213> Artificial Sequence 

<400> 1038 
ggggacgttc gaacgtgggg gg 

<210> 1039 
<211> 15 
<212> DMA 

<213> Artificial Sequence 
<220> 

<221> modified^baae 

<222> (S)-..(9) 

<223> n is 5-methylcytoslne . 

<400> 1039 
tcctggcgng gaagt 

<210> 1040 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

<400> 1040 
ggggaacgac gtcgttgggg gg 

<21D> 1041 
<211> 20 
<212> DKA 

<213> Artificial Sequence 

<400> 1041 
ggggaacgta cgtcgggggg 

<210> 1042 
<211> 24 
<212> DKA 

<213> Artificial Sequence 

<400> 1042 
ggggaacgta cgtacgttgg gggg 

<210> 1043 
<2I1> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 1043 
ggggtcaccg gtgagggggg 
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22 



22 



15 



22 



20 



24 
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<210> 1044 
<211> 24 
<212> DMA 

<2I3> Artificial Sequence 
<400> 1044 

ggggtcgacg tacgtcgagg gggg 24 

<210> 1045 
<2X1> 22 
<212> DMA 

<213> Artificial Sequence 
<400> 1045 

ggggacoggt accggtgggg gg 22 

<210> 1046 
<21L> 19 
<212> Dm 

<213> Artificial Sequence 
<400> 1046 

gggtcgacgt cgagggggg 19 

<210> 1047 
<211> 18 
<212> DUft 

<213> Artificial Sequence 
<400> 1047 

ggggtcgacg tcgagggg IB 

<210> 1048 
<211> 22 
<212> DMA 

<213> Artificial Sequence 
<400> 104B 

ggggaacgtt aacgttgggg gg 22 

<210> 1049 

<211> 19 
<212> DMA 

<213> Artificial Sequence 
<400> 1049 

ggggacgtcg acgtggggg 19 

<210> 1050 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<400> 1050 

gcactcttcg aagctacagc cggcagcctc tgat 34 

<210> 1051 
<211> 32 
<212> DrtA 

<213> Artificial Sequence 
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<4D0> 1051 

cggctcttcc atgaggtctt tgctaatctt gg 32 



<2I0> 1052 
<2U> 35 

<2I2> Dm 

<213> Artificial Sequence 

<4D0> 1052 
cggctcttcc atgaaagtct ttggaqgatg tgagc 

<210> 1053 
<2I1> 15 
<2L2> DMA 

<213> Artifioial Sequence 



35 



•<400> 1053 

tcctgoaggt taagt 15 

<2L0> 1054 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<:flO0> 1054 

gggggtcgtt cgttgggggg 20 

<210> 1055 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1055 

gggggatgat tgttgggggg 20 

<210> 1056 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<221> modified base 
<222> (7) , . . (77 
<223> mSc 

<221> modified_base 
<222> (11)... (11) 
<223> mSc 

<400> 1056 

gggggangat ngttgggggg 20 

' <210> 1057 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
• <400> 1057 

gggggagcta gcttgggggg 20 



<210> 105B 
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<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 1059 

ggttcttttg gtccttgtef 20 

<210> 1DS9 
<Z11> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1059 

ggttcttttg gtcctcgtct 20 

<210> 1060 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<400> 1060 

ggttcttttg gtccttatct 20 

<2L0> 1061 
<2I1> 20 
<212> DKA 

<213> Artificial* Sequence 



<40O> 1061 
ggttcttggt ttccttgtct 

<210> 1062 

<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 1062 

tggtcttttg gtocttgtct 20 

<210> 1063 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<400> 1063 
ggttcaaatg gtccttgtct 

<210> 1064 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 1064 
gggtcttttg ggocttgtct 

<210> 1D65 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<40O> 1065 
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tccaggactt ctctcaggtt tttt 

<2L0> 1066 

<211> 20 
<2I2> ONA 

<213> Artificial Sequence 

<400> 1066 
tccaaaactt ctctcaaatt 

<210> 1067 
<211> 24 
<212> DNA 

<213> Artifioial Sequence 

<40Q> 1067 
tactactttt atacttttat actt 

<210> 1068 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<400> 106B 
tgtgtgtgtg tgtgtgtgtg tgtg 

<210> 1069 

<211> 25 
<212> DNA 

<213> Artificial Sequence 

<4O0> 1069 
ttgttgttgt tgtttgttgt tgttg 

<210> 1070 
<21i> 27 
<212> DMA 

<2i3> Artificial Sequence 

<400> 1070 
ggctccgggg agggaatttt tgtctat 

<210> 1071 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

<400> 1071 
gggacgatcg tcggggggg 

<210> 1072 

<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 1072 
gggtcgtcga cgaggggggg 

<210> 1073 
<211> 19 
<212> DNA 
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24 



20 



24 



24 



25 



27 



19 
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<213> Artificial Seq^jence 
<40D> 1073 

ggtcgtcgac gaggggggg 19 

<210> 1074 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 1074 

'gggtcgtcgt cgtggggggg 20 

<210> 1075 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
.<400> 1075 

ggggacgatc gtcggggggg 20 

<210> 1076 

<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 1076 

ggggacgtcg tcgtgggggg 20 

<210> 1077 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<400> 1077 

ggggtcgacg tcgacgtcga ggggggg 27 

<210> 1078 
<211> 21 

<212> DNA 

<213> Artificial Sequence 
<4Q0> 1078 

ggggaaccgc ggttgggggg g 21 

<210> 1079 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<400> 1079 

ggggacgacg tcgtgggggg g 21 

<210> 1080 
<211> 23 
<212> DHA 

<213> Artificial Sequence 
<400> 1080 

tcgtcgtcgt cgtcgtgggg ggg 23 
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<210> LOBl 
<211> 15 
<212> DMA 

<2I3> Artificial Sequence 
<400> 1081 

tcctgccggg gaagt 15 

<2I0> 10B2 
<2L1> 15 
<212> DNA 

<2L3> Attificiai Sequence 
<400> 1082 

tcctgcaggg gaagt 15 

<2L0> 1063 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 1083 

tcctgaaggg gaagt 15 

<210> 1084 
<211> 15 
<2I2> DNA 

<213> Artificial Sequence 
<:40a> 1084 

tcctggcggg caagt 15 

<2ia> 1085 
<r211> 15 
<212> DblA 

<213> Artificial Sequence 
<400> 1085 

tcctggcggg taagt 15 

' <210> 1086 
<211> 15 
<212> DMA 

<213> Artificial Sequence 
<4Q0> 1086 

tcctggcggg aaagt 15 

<Z10> 1087 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<400> 1087 

tccgggcggg gaagt 15 

<210> 1088 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
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<400> L088 
tcggggcggg gaagt 

<2I0> L0B9 
<211> 15 
<212> DNA 

<2L3> Artificial Sequence 

<400> 10B9 
tcccggcggg gaagt 

<210> 1090 
<211> 15 
<212> DNA 

<213> Artificial Sequence 

<400> 1090 
gggggacgtt ggggg 

<210> 1091 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> L091 
ggggtttttt ttttgggggg 

<210> 1092 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<400> 1092 
ggggcooooo ccccgggggg 

<210> 1093 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<400> 1093 
ggggttgttg ttgttggggg g 

<210> 1094 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<400> 1094 
tttttttttt tttttttttt tttttttttt 

<210> 1095 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
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IS 



15 



15 



20 



20 



21 
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<400> 1095 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 30 

<210> 1096 
<211> 30 
<212> DNA 

<213> Artificial Seqnaencs 
<220> 

<223> Synbhetic Sequence 
<400> 1096 

cccooooccc cccccccccc cccccccccc 30 

<210> 1097 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 1097 

cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg 30 

<210> 1098 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<400> 1098 

gattttatcg tc 12 



<210> 1099 
<211> 12 
<212> DNA 

<213> Artificial Sequence 

<400> 1099 
tcgatttttc ga 

<210> 1100 
<211>. 12 
<212> DHA 

<213> Artificial Sequence 

<400> 1100 
tcatttttat ga 

<210> 1101 
<211> 12 
<212> DNA 

<213> Artificial Sequence 



12 



12 



<400> 1101 

gttttttacg ac 12 
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<210> 1102 
<211> 12 
<212> DHA 

<213> Artificial Sequence 
<400> 1102 

tcaatttttt ga 12 

<210> 1103 
<211> 12 
<212> DMA 

<213> Artificial Sequence 
<40O> 1103 

acgtttttac gt 12 

<210> 1104 
<211> 12 
<212> DMA 

<213> Artificial Sequence 
<400> 1104 

tcgtttttao ga 12 

<210> L105 
<211> IS 
<212> DMA 

<213> Artificial Sequence 

<400> 1105 

tcgattttta cgtcga 16 

<210> 1106 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 1106 

aattttttaa cgtt 14 

<210> 1107 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 1107 

tcgtttttta aoga 14 

<2I0> LlOB 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 1108 

acgtttttta acgt 14 

<210> 1109 
<211> 13 
<212> DNA 

<213> Artificial Sequence 
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<400> 1109 

qatttttatc gtc 13 

<210> 1110 
<21L> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 1110 

gacgattttt cqtc 1^ 

<2I0> 1111 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 1111 

gattttagct cgtc 14 

<210> 1112 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 1112 

gatttttacg tc 12 

<210> 1113 
<211> 10 
. <212> DNA 
<213> Artificial Sequence 

<400> 1113 

attttatcgt 10 

<210> 1114 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 1114 

aacgattttt cgtt 14 

<210> 1115 
<211> 12 
<21Z> DNA 

<213> Artificial Sequence 
<400> 1115 

tcacttttgt ga 12 

<210> 1116 
<211> 10 
<212> DNA • 

<213> Artificial Sequence 
<400> 1116 

tcgtatttta 10 

<210> 1117 
<211> 14 
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<212> DNA 

<213> Artificial Sequence 
<400> 1117 

acttttgtac cggt 14 

<210> Ilia 
<211> IB 
<212> DHA 

<213> Artificial Sequence 
<400> 1118 

tcgatttttc gacgtcga 18 

<210> 1119 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 1119 

acgatttttc gt 12 

<210> 1120 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 1120 

gatgatcgtc 10 

<210> 1121 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 1121 

togatgtcga 10 

<2ia> 1122 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<40a> 1122 

tcatgtatga 10 

<210> 1123 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 1L23 

gtgttacgac 10 

<210> 1124 
<211> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 1124 

tcaatgttga 10 
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<210> 1125 
<21L> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 1125 

acgtgtacgt 10 

<210> 1126 
<21I> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 1126 

tcgtgtacga 10 

<210> 1127 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<400> 1127 

tcgatgtacg tcga . . 14 

<210> 112B 
<21I> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 112B 

aatgttaacg tt 12 

<210> 1129 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 1129 

tcgtgttaac ga 12 

<210> 1130 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 1130 

acgtgttaac gt 12 

<210> 1131 
<211> 11 
<212> DNA 

<213> Artificial Sequence 
<400> 1131 

gatgtatcgt c * 11 

<210> 1132 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
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<400> 1132 

gacg&tgtcg tc 12 

<210> 1133 
<211> 12 
<212> DNA 

<213> Artificial Sequence 

<400> 1133 ' 
gat gage teg tc 12 

<210> 1134 
<211> 10 
<212> DKA 

<213> Artificial Sequence 
<400> 1134 

gatgtacgtc 10 

<210> 1135 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> 1135 

atgatcgt 8 

<210> 1136 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 1136 

aacgatgtcg tt ' 12 

<210> 1137 
<2I1> 10 
<212> DNA 

<213> Artificial Sequence 
<400> 1137 

tcactggtga 10 

<210> I13B 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<400> L138 

tcgtatga 8 

<210> 1139 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 1139 

actggtaccg gt ' .12 

<210> 1140 
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<211> 16 

<2i2> t>m 

<213> Artificial Sequence 

<400> 1140 
tcgatgtccfa cgtcga 

<210> 1141 
<211> 10 
<212> DMA 

<213> Actificial Sequence 

<400> 1141 
acgatgtcgt 



<210> 1142 
<211> 31 
<212> DMA 

<213> Artificial Sequence 

<400> 1142 
tgceggaagt ccgggttttc cccaaocccc c 

<210> 1143 
<211> 6 

<212> DNA 

<213> Artificial Seqiaence 



31 



<220> 

<223> Synthetic Sequence 
<400> 1143 

gacgtt ^ 

<210> 1144 
<211> 6 
<212> DNA 

<213> Artificial Sequence 
<4D0> 1144 

gtcgtt 6 

<210> 1145 
<211> B 
<212> DNA 

<213> Artificial Sequence 
<400> 1145 

togtcgtt 8 



2/14/05, EAST Version: 2.0.1.4 



